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Abstract 
 
The Bioeconomy is a general purpose technology, that has received considerable attention 
from European institutions in the recent years. Several European countries have already 
designed their Bioeconomy strategies. In Portugal, Bioeconomy is still very incipient, but 
it reveals considerable potential.  
The present dissertation provides a wide perspective over the Bioeconomy, trying to 
understand what it is, its opportunities, and also its threats and the challenges it should 
address. The main objective is to characterize the particular case of the Portuguese 
Bioeconomy, using the theory of the systems of innovation as the leading framework.  
The purpose of this characterization is to provide a first approach to this system of 
innovation, based on theory and case studies, that might be used as a starting point for 
policy design in this field, in order to create the conditions needed to stimulate the 
development of the Bioeconomy that could play an important role for economic growth 
and for the smart specialization of the country. 
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Resumo 
 
A Bioeconomia é uma “general purpose technology”, que recentemente tem vindo 
receber atenção considerável por parte das instituições Europeias. Muitos países 
Europeus já desenvolveram as suas próprias estratégias para a Bioeconomia. Em 
Portugal, a Bioeconomia é ainda bastante incipiente, mas revela grande potencial de 
crescimento.  
A presente dissertação pretende fornecer uma descrição concisa da Bioeconomia, 
procurando perceber em que consiste, quais as oportunidades e também as ameaças e os 
desafios aos quais deverá dar resposta. O propósito último é a caracterização do caso 
particular da Bioeconomia em Portugal, utilizando a teoria dos sistemas de inovação 
como enquadramento principal.  
O propósito desta caracterização é realizar uma primeira abordagem a este sistema de 
inovação, baseado na teoria e em estudos de caso, podendo ser utilizado como ferramenta 
inicial para a criação de politicas nesta área, com vista a criar as condições para estimular 
o desenvolvimento da Bioeconomia, que poderá ter um papel preponderante para o 
crescimento económico e para a especialização inteligente do país. 
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“For a bio-based economy to emerge, one that is fully integrated with ecosystems and 
what nature can provide indefinitely, we need not only soil, water, nutrients and 
photosynthesis, but also the vast wisdom accumulated by animals and plants derived 
from billions of years of evolution.” 
Tony Juniper 
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Introduction 
 
On 13th February 2012, the European Commission adopted a strategy called “Innovating 
for Sustainable Growth: A Bioeconomy for Europe” (European Commission, 2012). This 
strategy marks a strong commitment from the European Commission for sustainable 
growth among the European Union, where the Bioeconomy plays a central role.  
The present dissertation will try to understand how Bioeconomy can be characterized in 
the Portuguese economy in the current period. This analysis will be guided by the System 
of Innovation approach, with resource of the theoretical approaches of some of the most 
preponderant authors in this subject – Pavitt (1984); Edquist (2005), Malerba (2005) and 
Nelson et al. (2004).  
It will be introduced a description of the sectorial system of innovation of the Portuguese 
Bioeconomy, using Schumpeter Mark I and II approach (Malerba, 2005), the Pavitt 
(1984) taxonomy, the Nelson et al. (2004) models of innovation and the Edquist (2005) 
activities of a system of innovation. The latter theoretical approach will be the main 
guideline for the description of the Portuguese Bioeconomy system of innovation.  
In terms of empirical data, because the Portuguese Bioeconomy is still very recent field 
in an early stage of development – Bioeconomy is not even being institutionally 
considered as an economic sector (INE, 2007) – it was decided that the most feasible 
approach would be to interview some of the stakeholders of the Portuguese Bioeconomy, 
in order to have their views and perception of the current state-of-affairs of this general 
purpose technology in Portugal. The analysis would be completed by analysing the main 
institutional guideline report that can directly affect the development of the future 
Portuguese Bioeconomy in the short and long run – the Green Growth Commitment 
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(Portuguese Government, 2014) – and by analysing specific innovation data that might 
concern this field.  
Following the Portuguese Bioeconomy system of innovation characterization, in the 
conclusion chapter of the present dissertation it will be given some insights of the policy 
design approach that can be suitable for the growth and development of this sector in the 
Portuguese economy. 
It was considered important, before characterizing the Portuguese Bioeconomy system of 
innovation, to clearly define the concept of Bioeconomy. The first chapter of this 
dissertation provides a literature review on this subject – making a combined review of 
the conceptualization from institutional organizations and theoretical research – in order 
to suggest an encompassing definition of Bioeconomy, that would be the reference for 
the remaining dissertation.  
After understanding this definition, it will be reviewed the literature of the feasibility of 
the Bioeconomy in general, discussing its strengths and weaknesses, and also analysing 
what are the opportunities and risks concerning this general purpose technology. That 
chapter will be followed by a theoretical review of some insights of relevant authors about 
what would be some of the key conditions for the Bioeconomy to evolve sustainably in 
the future. 
The first two chapters of the present dissertation will give the reader a comprehensive 
understanding of the Bioeconomy, providing important theoretical basis for a better 
understanding of the Portuguese Bioeconomy system of innovation. 
The primary and major goal of this work is to provide a first approach analysis to a general 
purpose technology that can have significant preponderance for the development of the 
Portuguese economy in the near future. 
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Chapter 1 - The Bioeconomy Definition 
 
In this section the meaning of Bioeconomy will be discussed, exploring the different 
definitions among different authors, institutions and national strategies. The aim of the 
current chapter is to provide a wide comprehension of the Bioeconomy concept, trying to 
give an answer for the following question: What is the Bioeconomy and how can it be 
described? 
The term “Bioeconomy” appeared quite recently in the European politics. As stated by 
the authors McCormick and Kautto (2013), it was just in the mid-2000s that the 
Bioeconomy start to play a significant role in the European policy arena. However, the 
authors explain that the foundations of the Bioeconomy concept dated back to a White 
Paper published in 1993, which “highlighted the need for non-physical, knowledge-based 
investments, and the role of biotechnology in innovation and growth”. A previous 
denomination for what is now interpreted, among the European Commission, as 
Bioeconomy, was the concept of “Knowledge-Based Bio-Economy” (KBBE), presented 
firstly in a conference that took place in Brussels, on September 2005. The KBBE was 
introduced as an economy based on life sciences and biotechnology (European 
Commission, 2005). The following interest on the subject resulted in the publication of 
what was so-called the “Cologne Paper”, in 2007 (European Commission, 2007). In this 
document, the KBBE was defined as an economy that transforms “life sciences 
knowledge into new, sustainable, eco-efficient and competitive products”. The latest 
definition of KBBE was introduced in 2010, where KBBE consisted in the “production 
paradigms that rely on biological processes and, as with natural ecosystems, use natural 
inputs, expend minimum amounts of energy and do not produce waste as all materials 
discarded by one process are inputs for another process and are re-used in the 
ecosystem” (European Commission, 2010). 
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An earlier definition of the Bioeconomy was conceptualized by European Commission, 
associated to the Framework Programme 7 (2007-2013) research agenda, where 
Bioeconomy was defined as “the sustainable, eco-efficient transformation of renewable 
biological resources into food, energy and other industrial products” (Schmid et al., 
2012).  Still in the European Commission sphere, the concept evolved along the years. In 
2012, the Bioeconomy was defined by the European Commission as “an economy using 
biological resources from the land and sea, as well as waste, including food wastes, as 
inputs to industry and energy production. It also covers the use of bio-based processes to 
green industries”. The latest definition by the European Commission was presented in 
2014, where “Bioeconomy encompasses the sustainable production of renewable 
resources from land, fisheries and aquaculture environments and their conversion into 
food, feed, fiber biobased products and bio-energy as well as the related public goods”. 
In 2009, the Organization for the Economic Cooperation and Development (OECD) 
published an extensive report denominated “The Bioeconomy to 2030” (Arundel and 
Sawaya, 2009). The main aim of this document was to estimate the potential role of the 
Bioeconomy among the country members of this organization. According to the OECD 
view, the Bioeconomy corresponds to an economy where “biotechnology contributes to 
a significant share of economic output”.  
Among the nations that already have, or are at the stage of developing, their national 
bioeconomy strategy, various definitions of the concept of Bioeconomy are stated. 
Germany was an early adopter of a national strategy towards the Bioeconomy. In 2011, 
the German Government presented their “National Research Strategy Bioeconomy 
2030”, followed by, in 2014, the “National Policy Strategy on Bioeconomy”. In the latter 
document, it was stated that Bioeconomy was “the knowledge-based production and use 
of renewable resources, in order to provide products, processes and services in all areas 
of the economy, within the framework of an economic system that is viable for the future”. 
 
 
12 
 
 
In April 2012, the White House published a document, called National Bioeconomy 
Footprint, that presents the strategy of the United States of America towards the 
development of a Bioeconomy, defined as the “economic activity that is fuelled by 
research and innovation in the biological sciences”. Two years later, in 2014, the United 
Kingdom Government released “Building a High Value Bioeconomy – Opportunities 
from Waste”, where the Bioeconomy was presented as the “economic activity derived 
from utilising biological resources or bioprocesses to produce products such as food, 
energy, and chemicals”, giving special emphasis on waste as an important input for the 
future British Bioeconomy. Also in 2014, the Finnish Government launched the “Finnish 
Bioeconomy Strategy”, largely oriented for wooden-based resources. In this strategy, the 
concept of Bioeconomy was explained as “an economy that relies on renewable natural 
resources to produce food, energy, products and services”.  
Apart from the institutional definitions presented above, the research from different 
authors in the field of Bioeconomy has produced heterogeneous concepts of the 
Bioeconomy. Romano (2012) considers that there is no agreed definition for what he 
refers as the “bio-based economy” or “bio-economy”. Nevertheless, in his research he 
follows an approximated version of the definition brought by the European Commission 
in 2012, considering the Bioeconomy as describing an economy which encompasses “the 
sustainable production of renewable biological resources and their conversion into goods 
and services for final, as well as intermediate, consumption”.  
McCormick and Kautto (2013) state that “a [B]ioeconomy can be defined as an economy 
where the basic building blocks for materials, chemicals and energy are derived from 
renewable biological resources, such as plant and animal resources”.  
Philip et al. (2013) consider that the Bioeconomy “include a bio-based industries sector 
in which some oil-derived plastics and chemicals are replaced by new or equivalent 
products derived, at least partially, from biomass”.   
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Golden and Handfield (2014) explain that “the Bioeconomy is the global industrial 
transition of sustainably utilizing renewable aquatic and terrestrial resources in energy, 
intermediate and final products for economic, environmental, social and national security 
benefits”. 
The Bioeconomy, according to Pfau et al. (2014), consists in “an economy in which all 
(or most) fossil [re]sources used for various forms of consumption and production are 
replaced by biomass resources”.  
More recently, Mills (2015) defines the Bioeconomy as an economy where renewable 
biological resources are used to replace fossil fuels as well as for food, animal feed and 
other bio-based products, considering it as the industry’s answer to current social, 
environmental and economic challenges. In another recent research, a group of authors 
(Asveld et al., 2015) introduce the Bioeconomy as “an economy where biomass is the 
main resource for energy, materials and chemicals and this resource is used with the 
utmost efficiency”. 
As can been acknowledge from the previous definitions, the terms “Bioeconomy”, “Bio-
based Economy” and “Knowledge-Based Bio-Economy” appear as having a similar 
meaning. In the literature, sometimes these concepts were interpreted as having different 
meanings, other times interchangeably. Before continuing for further analysis of the 
concept of Bioeconomy, it is important to state that for the purpose of the present 
dissertation, the different concepts presented above will be assumed that as having the 
same meaning, opting for using them interchangeably.   
From the range of definitions of Bioeconomy presented, it is possible to identify common 
points. Some of the authors and institutions focus on the inputs and outputs, pointing out 
the importance of using biological resources as inputs, preferably renewable and 
sustainable, for a wide range of economic outputs – such as food, feed, materials and 
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products and energy, as is the case of European Commission (2014) and the European 
countries.  
Others put more emphasis on the process of conversion of inputs to outputs. However, 
different views also appear in this context. While, for example, the OECD focus on the 
role of biotechnology as the key driver for the Bioeconomy (Arundel and Sawaya, 2009), 
the White House (2012) presents a broader view, including all research and innovation in 
biological sciences. 
A third group of the definitions presented above address an approach that is more focused 
on the economic transition that the Bioeconomy promotes, a transition process from the 
actual fossil-based economy to an economy based on renewable resources, coming 
mainly from biological sources (Philip et al., 2013; Golden and Handfield, 2014; Mills, 
2015). 
An important conclusion from the different perspectives on the definition of the 
Bioeconomy listed above, is that it should be considered, rather than a specific sector, a 
general purpose technology, which consists in a new method of producing and inventing 
that is important enough to would have an aggregate impact over the whole economy 
(Jovanovic and Rousseau, 2005). The Bioeconomy englobes the three characteristics that 
Jovanovic and Rousseau (2005) identify as part of a general purpose technology, being 
pervasiveness – the capacity to spread across different sectors, improvement – improve 
with time, lowering the costs to users, and innovation spawning – making easier to invent 
and produce new products and processes. 
This conclusion considers the fact that the Bioeconomy encompasses a wide spectrum of 
different sectors – such as food, pharmaceuticals or energy production, for instance – 
representing a potential disruptive alternative in the global economy that, for the past two 
centuries, relied in petroleum as the most important resource for many of its main 
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activities. As different authors conclude (McCommick and Kauto, 2013, Philip et al., 
2013, and Pfau et al., 2014), the Bioeconomy can contribute with the basic building 
blocks for an important share of the economic activity, replacing the previously oil-based 
economy for a bio-based economy, that relies on renewable and sustainable biological 
resources. That replacement is being made progressively, encompassing more and more 
sectors over time, reinforcing the theoretical approach of its status as a general purpose 
technology (Helpman and Trajtenberg, 1996). 
Taking into account the variety of definitions presented and the previous conclusion, it is 
important to state a definition of Bioeconomy that will lead the rest of the present 
research. Though, for the purpose of current dissertation, the concept of Bioeconomy, 
taking into consideration the above mentioned definitions and conclusions, could be 
interpreted as a general purpose technology that promotes a transition from the current 
fossil-based economy to an economy where a wide range of economic outputs come from 
renewable, sustainable biological resources, where research and innovation in biological 
sciences plays a key role. 
The following chapter will offer a wide perspective of the opportunities within the 
Bioeconomy, considering as the guideline some of the most important challenges that the 
European Commission identified in its Bioeconomy approach (European Commission, 
2012). Also important, a special emphasis will be oriented to the main constraints that, 
with the current state-of-the-art, the Bioeconomy faces. In the last part of that chapter it 
will be discussed the perspective of different authors on the design of what the 
Bioeconomy might be in order to succeed as a general purpose technology.  
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Chapter 2 – The Opportunities and Challenges 
of the Bioeconomy 
 
As stated in the conference report of the European Commission (2005) the “bio-economy 
is one of the oldest economic sectors known to humanity”.  However, as presented in the 
previous section, all the national strategies for the bioeconomy appeared in the current 
decade, including the European Commission one (2012), and the literature focus on this 
issue is also still very recent (Vandermeulen et al., 2011). It is, though, important to 
understand what were the reasons that trigger this sudden interest for this general purpose 
technology. This section will address this question, exploring the main motivation behind 
the orientation of the different states and institutions, mainly from developed countries, 
to promote a path towards the Bioeconomy, introducing the opportunities and challenges 
that this general purpose technology presents.  
As mentioned in the last part of the previous chapter, the challenges considered relevant 
for the European Commission in its design of the Bioeconomy Strategy for Europe (2012) 
will be the guideline to discuss the pros and cos of the Bioeconomy, taking into account 
the present state-of-the-art of this general purpose technology, also analysing the different 
authors perspective on what should be the design of the Bioeconomy in order to position 
itself as a true alternative to the standing oil-based economy. 
The Bioeconomy Strategy for Europe (2012) main objective is to focus European efforts 
collectively within this rapidly changing and diverse general purpose technology, that can 
consist in an important and sustainable alternative for the economic growth in Europe. 
The foundations of this strategy go back to the Rio+20 Agenda “Towards a Green 
Economy”, where the European Commission suggested bioeconomies as a key driver for 
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sustainable development and poverty eradication, being biotechnology a solution to make 
a bridge between environmental protection and economic growth (Mills, 2015).  
As this Strategy states, Europe needs a radical change in its approach to production, 
consumption, processing, storage, recycling and disposal of biological resources, in order 
to address a combination of global challenges, such as population growth, depletion of 
many resources, increasing environmental challenges and climate change.  This strategy 
identifies five main challenges where the transition to the Bioeconomy can play a key 
role. These challenges are “Ensuring Food Security”, “Managing Natural Resources 
Sustainably”, “Reducing Dependence on Non-Renewable Resources”, “Mitigating and 
Adapting to Climate Change” and “Creating Jobs and Maintaining European 
Competitiveness”. 
These global challenges are putting a considerable pressure under the actual economic 
system. In terms of the challenge “Ensuring Food Security”, the demographic issues are 
of great importance. It is estimated that the world population will reach a total of 9 billion 
individuals by 2050, which, together with raising income – especially in the today’s 
developing economies – will imply an increase of 70% in food demand, based on the 
estimated twofold increase in world meat consumption (Carus and Dammer, 2013). To 
reinforce this fact, nowadays, in European Union alone, food manufacturing and 
households waste about 90 million tons of food annually, and this data does not account 
the losses in agriculture and fisheries (European Commission, 2012). The promotion of a 
path towards Bioeconomy could address the challenge of Ensuring Food Security, by 
using research and innovation as key tools to promote a sustainable increase in primary 
production, at the same time that promotes the protection of soils and the conservation of 
water, and better management of the produced resources. A path towards Bioeconomy 
can also provide, besides the goal of ensuring affordable, sufficient, safe and nutritious 
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food for European citizens, a framework that respects the right for food outside Europe 
(Mathijs et al., 2015). 
The promotion of a Bioeconomy can also provide an answer to the challenge of 
“Managing Natural Resources Sustainably”. Mathijs et al. (2015) explain that, according 
to scientists, “humanity has already trespassed some of the boundaries of safe operating 
space with respect to the Earth system”. Even though, it is expected that the increase in 
food consumption will create even higher pressure under this boundaries, especially in 
sectors such as agriculture, fisheries and aquaculture, calling for an urgent solution based 
on research and innovation, where is expected that the Bioeconomy can play a decisive 
role. Also important, trespassing these boundaries might have very negative impacts in 
ecosystems services, such as climate regulation, soil formation, pollination, etc., which, 
in an ultimate stage, could have as consequence that the system could not recover 
(Ostergard et al., 2010). For example, the miss-management of soil is coming to a non-
turning point. Estimates shows that each year, more than 10 million hectares of crop land 
is degraded or lost, and that an area of ten times the size of the Great Britain has been 
degraded to a point of no use for food production. These facts are alarming, especially 
taking into account the dependence of human life on soils for food production, from where 
over than 90 per cent of it comes from soil (Juniper, 2013). Another important issue 
included in the challenge of “Managing Natural Resources Sustainably” is the waste 
production that the actual social-economic framework promotes. For instance, it is 
estimated that about 30% of total biomass becomes wasted (Mathjis et al., 2015). Waste 
management and new economic frameworks, such as the Bioeconomy, are though critical 
for a more efficient and effective resource management, promoting a more sustainable 
growth path.  
As stated previously, the Bioeconomy Strategy for Europe (European Commission, 2012) 
presents the “Reduction of dependence on non-renewable resources” as one of the main 
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challenges for this strategy to address. This challenge includes various justifications: the 
non-renewable nature of these resources, their impact on the environment and geopolitical 
reasons (Mathijs et al., 2015). A study by the OECD estimates, for instance, that the 
demand for coal, oil and gas will increase by 44% from 2006 to 2030 (Arundel and 
Sawaya, 2009). These fossil-based non-renewable resources are the main drivers of 
today’s global economy, as far as they are the key inputs for energy, chemicals, plastics, 
pharmaceuticals and fibres production. Pfau et al. (2014) add that as the availability of 
this oil-based resources diminish along the time, the remaining fossil fuel reserves will 
become more difficult to reach, which will imply that the extraction would be more 
expensive and will bear significant environmental risks. These trends prove that 
innovative solutions, especially coming from the biological field, will be required in order 
to replace these non-renewable materials for renewable and sustainable ones. These 
solutions will also promote more independency from Europe to the major oil-producers’ 
states, which several times harbour national regimes with far different political views 
from Europe.  
A critical example of a non-renewable resource, that is not oil-based, which is becoming 
dangerously scarce is the case of rock phosphate, a main ingredient for fertilizers 
production. It is estimated that it will become a limiting factor for food production, as 
soon as 2030 (Juniper, 2013). These realities call for innovative, renewable and 
sustainable solutions, as Bioeconomy is expected to provide. 
The Mitigation and Adaptation to Climate Change is one of the main issues in the global 
leaders table. Recently, in the United Nations Conference on Climate Change the so-
called Paris Agreement was agreed by 189 nations, a global commitment to limit the 
global temperature increase to 1,5º C above pre-industrial levels (UN, 2015). At the 
present date, the Agreement was ratified by 60 countries, but European Union hasn’t so 
far (UN, 2016). In order to comply with the Paris Agreement, which it is expected to 
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ratify in the near future, and stay competitive, the European Union needs to promote 
resource efficient industries, bio-based products and bioenergy, in other words, promote 
a transition towards Bioeconomy, according to the Bioeconomy Strategy (European 
Union, 2012). The political promotion and commitment to this path can contribute for, 
not only stop the actual climate change, but even to regress it. For example, by using 
innovative techniques and better soil management strategies, an estimate holds, it would 
be possible to store about 5,5 billion tons of carbon dioxide – one of the main drivers of 
climate change – every year, which represents one sixth of global emissions. Another 
estimate shows that the services provided by forests in terms of carbon sequestration will 
worth around 3,7 trillion US dollars in 2030 (Juniper, 2013). The Bioeconomy is expected 
to make the connection between human knowledge and nature services, fostering the 
development of new solutions that take full potential from the facts as the stated above.  
The average rate of unemployment in European Union has never been below 9,0 per cent 
since 2009. In 2015, six years after the sovereign crises struck the majority of the EU 
countries, the average rate of unemployment is still 9,4 per cent. In that year, in many 
countries of EU the unemployment rate was still double digit and, in the cases of Spain 
and Greece, it reached values over 20 per cent. These values were even more striking if 
we narrow the observations to the youth group, from 15 to 24-year-old, where the average 
rate of unemployment in the European Union reached 19,8 per cent in December 2015 
(Eurostat, 2016). Taking into account this data, Job Creation is a key challenge for 
European future social-economic development.  
In terms of competitiveness, the European Union is lagging, in the past year, to its major 
counter-parts, especially the United States. According to the International Monetary Fund 
(2015), in the years after the Financial Crisis (2008-2009), the European Union average 
economic growth just once was higher than the United States. In 2015, while United 
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States was growing at 2,6 per cent pace, the growth rate in the European Union was still 
lower than 2 per cent.  
The Bioeconomy Strategy for Europe recognizes that the Bioeconomy can play a major 
role to promote job creation and an increase in the European competitiveness. Today, the 
Bioeconomy already accounts for 2 trillion euros in annual turnover and more than 22 
million jobs in the European Union, which corresponds to approximately 9 per cent of its 
labour force (European Commission, 2012). The European Commission believes that the 
sectors within the Bioeconomy, such as primary production, food processing and 
industrial biotechnology can have a preponderant role in the region’s economic growth 
in the long-run, estimating that as soon as in 2025, with the promotion of research funding 
in these sectors – mainly under the Horizon 2020 framework – the Bioeconomy can 
generate 130.000 new jobs and create more 45 billion euros in added value.  
Although the challenges discussed before can be seen as the main motivation for a societal 
and political focus on the Bioeconomy, as potential solution provider, the fact is that all 
of this challenges have been present long before the first discussions of Knowledge-Based 
Bio-Economy, the predecessor of what is now defined as Bioeconomy, that had taken 
place within European Commission, in the early 2000s. It is important than to analyse 
what were the facts that motivated the interest in the Bioeconomy as key field to provide 
the solutions to these challenges.  
Throughout human history, Nature has been manipulated in order to provide resources to 
fulfil human needs such as food, energy, medicines and others (Golden and Handfield, 
2014). Humans have always been largely dependent on biological resources for their 
nourishment, clothing and shelter (Frow et al., 2009).  However, just recently, within the 
(Bio) Technology and Life Sciences knowledge, the technological advancements have 
made possible to transform all types of biological resources into a wide range of uses. For 
example, current technology makes it possible to produce fuel out of food, food out of 
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wood, chemicals out of organic waste, and so on (Mathjis et al., 2015). The recent 
enthusiasm has grown based on the possibilities opened up by modern biotechnology 
developments (Frow et al., 2009).  
This technological-based exploitation of biological resources would allow, as the 
European Commission (2012) state, to produce more from less, at the same time limiting 
the environmental impacts and reducing the dependency on fossil fuels. In the 2005 
Conference on Knowledge-based Bio-economy, that can be considered the kick-starter of 
the present interest in the Bioeconomy, at the beginning of the final report (European 
Commission, 2005) it is stated that “the bio-economy is one of the oldest economic 
sectors known to humanity, and the life sciences and biotechnology are transforming it 
into one of the newest”. 
It can be, though, concluded that the recent interest of different institutions, mainly within 
Europe, for the promotion of a path towards the Bioeconomy resulted from the need of a 
consistent framework that can deliver solutions for the challenges stated above. 
Bioeconomy appeared as a consistent candidate to deliver these solutions, as recent 
advances in research in biotechnology and biological sciences started to produce 
consistent alternatives that can be used as tools to address these challenges in an efficient 
and sustainable manner, by promoting a transition of an economy mainly based on non-
renewable and, most of the times, unsustainable resources to a (Bio)economy, where all 
the main inputs for the economic activity come from bio-based sustainable and renewable 
resources. 
As explained above, Biotechnology and Life Sciences current state-of-the-art knowledge 
allows the sustainable and efficient use of Nature in order to provide solutions for both 
Primary and Industry Sectors. However, currently just only 5 to 10 per cent of all 
processes for biomass transformation in chemical and material sectors are conducted 
using biotechnological approaches (Mathijs et al., 2015). It will be now explored the 
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present and future potential solutions that Biotechnology and Life Sciences have to offer 
in different sectors – such as Primary and Industry sectors – in order to understand the 
capabilities for them to contribute to the transition towards Bioeconomy – the 
opportunities of the Bioeconomy. 
In 2009, the OECD published an extensive report aiming to estimate the economic 
potential of the Bioeconomy in 2030 (Arundel and Sawaya, 2009). According to that 
report, considering the Primary and Industry (including Health) sectors that either use 
biomass or with current or potential applications of biotechnology, by 2030 they are 
estimated to account for 5,6 per cent of the GDP in Europe.  
In the same report, it is stated that by 2025 it is expected that 35 per cent of all chemicals 
will be provided by biotechnology processes in the OECD countries. The estimates from 
the report show that biotechnology can contribute heavily to Industry sector – although 
this is the sector studied in that report that spends less in R&D, comparing to the other 
two, being Primary and Health sectors. In terms of Primary sector, it is estimated that by 
2030 the biotechnology will contribute to half of the total production, being almost 
indispensable to the aquaculture and forestry industries. What this report show is that, 
even with few investment, biotechnology is expected to play a key role in Industry and 
increase its prevalence in the Primary sector, demonstrating that there is a big opportunity 
to foster even more that role by an adaptation of the actual business models to others that 
focus more on biotechnology and biological sciences.   
Many opportunities are emerging in the Primary sector due to biotechnology. One case is 
the Marine or Blue Economics. The marine bioresources can be used, either directly or 
indirectly, for food and feed, cosmetics, biopolymers, bioenergy, chemicals and many 
other applications. For instance, the recent development of aquaculture based on 
biotechnology, as a sustainable alternative to avoid over fishing and satisfy to ensure food 
supply, made this sector to provide in 2014, for the first time, more than 50 per cent of 
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the world’s fish supply. While some sub-sectors of aquaculture are highly explored – such 
as shellfish production, that accounts for half of the European Union aquaculture 
production – there are still many opportunities to explore, as is the case of algae, that 
present very low levels of production, and that can produce resources for various 
industries, such as Food, Chemistry, Fuels and Cosmetics. The particular case of shellfish 
and algae are quite interesting in the context of Bioeconomy, as their exploitation 
promotes positive externalities, such as environmental – due to water cleaning and 
nutrient removal properties that these species have – social and economic, as they are 
labour intensive activities, creating jobs and economic opportunities in traditional 
fisheries towns and villages (Mathijs et al., 2015). 
Considering the by-products that fishery and aquaculture industries produce (as fishing 
products are highly perishable foods), another opportunity within Bioeconomy context is 
the improvement of the biomass from fisheries, creating more added value and jobs, using 
biotechnology and biological sciences as a source of innovative solutions (Mathijs et al., 
2015). 
In Primary sector as a whole, biotechnology is evolving fast in various fields, presenting 
solutions that, either scientifically or economically, were not possible to achieve few 
years ago. One of these fields is the genetics of animals and plants. The knowledge of 
DNA and RNA of a set of crops has been increasing significantly in the past years, 
allowed improved conditions for animal breeding and selective breeding of plants, with 
the help of genomics science, at costs that are sometimes ten times less than they were 
just a decade ago.  
Technology can play a decisive role in presenting a solution for a complicated dilemma 
between genetic modified food and intensive pesticides usage, two situations with 
potential negative impacts on the environment and human health. In this context, new 
solutions from different fields of science, such as pest management and use of robotics 
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for weed control, are becoming very promising alternatives for this case, creating a 
plausible solution without the negative impacts associated with the other two. Also, these 
technologies can promote the increase of productivity in key crops, such as maize, rice 
and wheat, that contribute to 50 to 60 per cent of human caloric intake today. With the 
actual estimates pointing that the average growth productivity for these crops for the next 
40 years being just 0,9 per cent yearly (comparing to 1,9 per cent yearly in the previous 
40 years), science and technology in the Bioeconomy field will be decisive to address the 
challenge of Ensuring Food Safety, in order to promote a productivity increase that 
follows the population needs (Mathijs et al., 2015). 
Still in the Agriculture field, another key advancement that can contribute significantly 
to ensure food safety is the advances in food packaging. Science and technology are 
presenting solutions that allow greater shelf lives for perishable food. The evolution of 
these technologies will address the problem stated previously, of high levels of food waste 
within European Union. 
Forests will also have a key role in the Bioeconomy. The role of forests can be so 
important that Hagemann et al. (2016) described this sub-sector of the Bioeconomy, what 
they called the “Wood-based Bioeconomy”, as a bio-based circular economy that uses 
lignin containing as the main resource. The authors explain that this “wood-based 
bioeconomy” has a high relevance in the Bioeconomy context because the production of 
materials and energy based on lignin does not compete with food production and 
lignocellulosic raw materials can be used for materials and chemicals.  
In Industry sector the biomass already plays a very important role. In 2011 a total of 1,26 
million tons of dry matter were used for the production of materials and chemicals, for 
industries such as construction and furniture (552 million tons of dry matter), pulp and 
paper (201 million tons of dry matter), chemical industry (59 million tons of dry matter) 
and textiles (35 million tons of dry matter) (Mathijs et al., 2015). Some sectors, such as 
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the packaging and automobile sector, stimulate the production of bio-based products as 
they provide comparative advantage comparing with the fossil-based ones (Hagemann et 
al., 2016). 
The pulp and paper industry holds a great potential for the future Bioeconomy. This 
industry has the potential to promote a faster transition to the creation of the new 
biorefineries, as it already holds the infrastructure needed, and also the expertise and 
permits, making the investment costs lower comparing with new venture investments. 
The new technologies in the field of biotechnology and biological sciences can promote 
a higher added value creation for the already produced side-stream commodity products 
of this industry, that are usually oriented for the energy production, a feature that, 
according to Mathijs et al. (2015) review should be minimised in the future. However, 
still a lot of change and transformation will be required to meet the full potential of the 
new biorefineries and, at the same time that previous infrastructure is being adapted, new 
concepts and technologies are emerging, many of them operating in pilot or small units 
already (Mathijs et al., 2015). The current main challenge for biotechnology and 
biological sciences in the different kinds of biomass conversion is its effective destruction 
and separation into the major building blocks, in order to convert them into chemicals, 
fuels, energy and other useful materials for industrial purposes. 
Even before the implementation of the Bioeconomy Strategy for Europe by the European 
Commission, the promotion of bio-based fuels has been an important policy, especially 
with the case of Renewable Energy Directive, which defined the goal to fulfil 10 per cent 
of the European fuel needs by 2020 with biofuels (European Commission, 2009).  
Biofuels have been always an important resource within Europe, especially for 
emergency situations (Gaspar, 2014). However, this particular fuel sources have faced 
strong difficulties to replace the traditional oil based fuels, and without the actual subsides 
framework they would not stand a chance with them (Ulmanen et al., 2009). Even though, 
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politicians and industry agents are very keen to promote this alternative fuels, being one 
example the Bio-Based Industries Consortium, a public-private partnership, that defined 
as objective to achieve by 2030 to “supply 25% of Europe’s transport energy needs by 
sustainable advanced biofuels” (BBI JU, 2012), a very optimistic proportion, comparing 
to the European Commission objective. The fact is that European Union has at it dispose 
an amount of set-aside land that accounted for 3.8 million hectares in 2007, and that could 
be used for biofuel production (Frow et al., 2009). 
Within the Plastics industry, the Bioeconomy prospects create high expectations. In the 
case of plastics, this industry has been registering a fast growth, being its production 
surpassed the steel production. In fact, Philp et al. (2013) notice that the production of 
plastics today is twenty times higher than it was just 50 years ago. The authors estimate 
that by the end of the present century the production per year will reach 1 million kilotons, 
from the present 250.000 kilotons. As the majority of plastics used today come from oil-
based sources, their environmental impact is very high, mainly by CO2 emissions and 
pollution.  
Bioplastics production is rising fast, as recent research and development is unveiling new 
varieties with characteristics similar to the oil-based ones. Bio-PE, bio-PET and the future 
bio-PVC have identical molecules to its petro-equivalents, so it is expected that their 
performance qualities should be very similar. This fact is important for the recycling 
process, as the new bio-based plastics could be mixed together with the oil-based ones, 
without losing the compatibility. Another feature of some bioplastics is their 
biodegradable characteristic, which allow them to degrade in nature, without any arm for 
the ecosystems. This features are already capturing the focus of industrial agents, giving 
a boost to the bioplastic production. The worldwide production capacity for bioplastics is 
estimated to increase from around 1.2 million tons in 2011 to 5.8 million in 2016 (Philp 
et al., 2013).  
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The Bioeconomy can have a great impact within rural communities, as it would transform 
the economies of the rural areas. In fact, the relatively high cost of biomass transportation 
will promote that the majority of the production, processing and transportation associated 
with the Bioeconomy will be emerging in the rural areas (Johnson and Altman, 2014; 
Lehtonen and Okkonen, 2013). This will imply a decentralized network of supply, instead 
of just one or few big suppliers, promoting a more redistributive system of economic 
welfare among rural communities (Asveld et al., 2015). This same point is also identified 
by Lehtonen and Okkonen (2012), showing that redistributive effect can be considerable 
if the promotion of a decentralized Bioeconomy model is politically supported. The 
authors explained that this kind of models would result in possibility to create mature 
industries within rural areas. Also, the specialization of the different rural regions in their 
competitive advantages would generate hubs and networks that would create a more 
efficient use and allocation of the biomass resources.  
Also, the greater demand for biomass and bio-based products, expected with the rise and 
growth of the Bioeconomy, would promote the increase of the farmers’ income, creating 
also opportunities for job creation in the rural areas, an opportunity already identified in 
the early Cologne Paper (2007). It could also be expected that the development of the 
Bioeconomy would promote a larger role of the farmer in the supply chains by producing 
intermediate products. All these facts could result in the economic and social 
revitalization of the rural communities (Pfau et al., 2014). 
Another interesting feature of the Bioeconomy is, as it depends on natural resources and 
sun light, it creates a more redistributive effect than the oil-based economy, as the latter 
is confined to some limited geographical locations, while the former is wide available 
across the globe creating economic growth and job opportunities in the different rural 
areas of the world (Johnson and Altman, 2014).  
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As we can conclude from the previous examples, scientific advances may offer a wide 
range of solutions. The main question is what type of system of innovation would be 
consistent with the potential of the Bioeconomy, and how political action can promote a 
Bioeconomy system of innovation that is capable to answer the main challenges 
discussed, delivering growth and job creation to the society. The system of innovation 
discussion will be addressed in chapter 3, where the particular case of the Bioeconomy 
within the Portuguese economy will be the main focus. But before start the Bioeconomy 
system of innovation analysis, it is of major importance to understand which are some of 
the more relevant obstacles and threats that this general purpose of technology has to 
surpass in order to sustain as a true alternative to the current economic framework. 
A long standing discussion within the Bioeconomy field is the conflict of “Food vs Fuel”, 
in the case of biofuels production. Frow et al. (2009) point that, even if just in the short 
run, the biofuel production creates a negative impact on global food security, 
exemplifying with the protests of 2007, the so-called “Tortilla Riots”, in Mexico. The 
authors also cite a report from the International Food and Policy Research that attributes 
a weight of 30 per cent to biofuels in explaining the rise of food prices between 2000 and 
2007.  
Mills (2015) presents the case of the Global South, where agricultural land, responsible 
for the provision food to local populations, is being converted to agrofuel monocultures, 
causing various negative economic, social and environmental impacts. Mills (2015) adds 
to her argument that although Bioeconomy is expanding, that didn’t result in a lower 
reliance on fossil fuels. The author emphasizes her argument about the potential threats 
of biofuels by explaining that in some cases these agrofuels produce even worst impacts 
than the fossil fuels that they are supposed to replace, particularly in terms of lost land, 
resource access, livelihoods and food security, especially in the developing economies. 
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A report from an NGO exposes that the European Union’s biofuel agenda led to a land 
grabbing of more than 17 million hectares worldwide by corporations, and the same report 
estimates that these values could reach 40 million hectares by 2020. This would have a 
negative impact for local agricultural systems and biodiversity, and also for local 
entrepreneurship, as this acquisitions have been led by international corporations (Mills, 
2015). 
Another important issue within the Bioeconomy is the case of sustainability. As Mills 
(2015) defines that to “sustain something means to provide strength or support in order 
to prolong functioning”. As Hagemann et al. (2016) emphasize, “the claim that the 
Bioeconomy could solve sustainability problems with simply substituting fossil resources 
is a myth”. Frow et al. (2009) explain that although plants, in which Bioeconomy is partly-
based, are renewable resources, they are also finite. Mills (2015) also detects that 
perspective, within the European institutions, that consider that sustainability factor of 
Bioeconomy exists as the production becomes from renewable resources and that is 
consider sufficient, not addressing the long-term consequences properly. However, the 
authors (Frow et. Al, 2009) believe that the Bioeconomy can play an important role to a 
more sustainable development, but in order to promote that its assumptions and concepts 
should be embedded into a broader sustainable development framework.  
Hennig et al. (2015) explain in their review that in research and policy levels, there has 
been little consideration or evaluation of the sustainably available feedstock that is needed 
for a successful transition towards Bioeconomy. The knowledge of the available 
resources, and their sustainable use, are though of major importance for designing the 
essential basis of the future Bioeconomy. 
Even in the research field, according to Pfau et al. (2014), the focus on sustainability for 
the Bioeconomy is a relatively recent subject, as from a sample of 87 papers that discuss 
the issue, the majority of them have been written just in the period of 2011-2013. As many 
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of the papers in this study refer, the contributions for sustainability should be positive as 
a desired outcome of the development towards the Bioeconomy.  
Some examples of potential threats that an unsustainable Bioeconomy can generate were 
discussed above, and might include the “food vs fuel” problem, the greenhouse gas 
emissions as a result of clearing forest for new productions, intensive agriculture, use of 
the so-called “marginal lands” that often offer valuable natural functions, such as 
biodiversity, pests related to novel crops that can negatively affect the surrounding 
ecosystems and high demand for water, creating a pressure on natural water systems and 
the ecosystems that depend on them (Pfau et al., 2014).  
Then, choosing the most appropriate feedstocks for each supply chain and promoting the 
optimization of output from each quantity of biomass, extracting the most value of it, can 
contribute significantly to promote and increase sustainability within the Bioeconomy. 
This vision should be in mind of policy makers and economic agents in order to transform 
this potential threat into a great opportunity to promote sustainability. In fact, the 
Bioeconomy can promote sustainability as it promotes saving transportation emissions, 
reuse of by-products and local productions. But as Pfau et al. (2014) state, “when striving 
for a bioeconomy, the contribution to sustainability should go hand in hand with 
achieving other goals and advantages” because “bioeconomy is not necessarily 
sustainable and that the consideration of sustainability is of great importance”. 
In order to design a truly sustainable model for the Bioeconomy, Mills (2015) adds that 
attention should be taken to the consumption behaviour of our society. The current 
Bioeconomy model, according to the author, prioritizes market and ignores the high levels 
of consumption, not considering consumption behaviour as one of the main causes of 
resource depletion worldwide and, though, the sustainability of natural resources.  
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Another consideration among the sustainability subject is the impact of the development 
of the Bioeconomy in the developing economies. In the sustainability assessment of the 
Bioeconomy, it should be studied the real impacts of the transition in the developing 
countries, either social, economic and environmental (Asveld et al., 2015). Still 
considering the developing countries, one important issue must be noticed, that is the 
extensive use of biomass, mainly derived from subsistence production or household waste 
streams, for energy purposes usually threatens the sustainability of the surrounding 
ecosystems, demonstrating that bio-energy could not be a preferable solution when a full 
sustainability analysis is taking into consideration (Vandermeulen et al., 2011). 
It has been discussed above, when analysing the report of OECD (Arundel and Sawaya, 
2009) and the estimations of the European Commision (2012) that the future Bioeconomy 
has a great potential for job creation within European Union. However, Mills (2015) 
discusses a different perspective, that does not go along with the ones presented before. 
The author addresses the fact that the previous perspectives does not take into account the 
“countless” jobs that have already been lost because of the expansion of industrial 
agriculture and high-tech production, that suppose less human intervention in the 
production process. If the European Commission follows the so-called “Life Science 
Perspective”, it can be falling into a trap that instead of job creation the Bioeconomy 
contributes to squeeze even further the job opportunities within agriculture. 
As Asveld et al. (2015) emphasize, Bioeconomy is passing through a critical stage. Many 
of the more representative current innovations in the field of Bioeconomy, such as 
biofuels or biogas, rely on extensive subsidies schemes in order to be price competitive. 
One of the major challenges that the Bioeconomy faces is to show itself competitive, 
without a framework of subsidies, in order to become a true alternative to the fossil based 
economy. As Vandermeulen et al. (2011) stress out, the “substitution between 
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conventional and bio-based products will only occur when the biobased products cost less 
than the conventional products and therefore they need to have a lower market value”. 
Another perceived risk of the Bioeconomy is the extensive emphasis on the industrial side 
by different institutions, neglecting the contribution that the agriculture makes to the 
production of quality food and preservation of ecosystems, and all the scientific advances 
on traditional agronomic and food science. In their critic to this view of the Bioeconomy, 
the authors Schmid et al. (2012) identify this perspective within OECD and also among 
some European Commission staff. They exhibit as an example proof the Third Foresight 
exercise of the Standing Committee on Agricultural Research (SCAR) that identifies that 
within the Bioeconomy concept the human factor is not taken into account and that the 
industry is considered the main player to the development of the Bioeconomy.  
In fact, even the conceptualization of the Bioeconomy by the European institutions is 
oriented for a vision that favours the capital-intensive biomass production and 
transformation, which gives a greater role to the upper levels of the value chains. Also, 
the potential of farmers and SMEs to contribute to innovation is not fully recognized in 
relevant documents (Schmid et al., 2012).  
Mills (2015) describes this perspective of focusing too much in industry instead of 
traditional agriculture as the “Life Sciences Perspective”. A summarized definition of this 
perspective is that agricultural goods are viewed as raw materials that can be broken down 
into smaller parts for further processing, with a major orientation towards industry. In her 
work, Mills (2015) presents a different alternative, the “Agroecology Perspective” that 
will be discussed ahead as a relevant condition for a successful Bioeconomy to emerge. 
Many threats should be addressed and fully study in the development of the system of 
innovation for the Bioeconomy. Only with a full perspective and knowledge of this 
potential threats can the Bioeconomy deliver its full potential.  
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Now that the major opportunities, but also the obstacles and threats were discussed, it is 
important to analyse what the main literature related to the Bioeconomy considers the 
ideal principles needed for the Bioeconomy to emerge as a true general purpose 
technology, capable of substituting an economy based on non-renewable and 
unsustainable resources, for an economy based on renewable bio-products produced 
sustainably, where biotechnology and life sciences are of major importance in the 
economic development. 
One of the principles considered by the SCAR committee is the circularity. Zwier et al. 
(2015) give a very good example to explain how cascade system is fully achieved in a 
Bioeconomy: “The circularity is established as follows: Solar energy is transformed into 
crops, which in turn are transformed into biomass. This biomass can be refined into 
products. The residual waste resulting from this production process is fed back into the 
loop (clockwise) and is either used as compost to help grow crops, turned into food or 
animal feed, or used to supply the energy required by other steps in the entire process”.  
Zwier et al. (2015) include another principle, besides the ones defined by the SCAR 
committee (Mathijs, 2015), that is the principle of zero-waste. As the author explain, this 
principle follows the same logic of cascading and circularity principles. The loop is totally 
closed and there will not exist waste as nowadays society conceive it, being all disposable 
materials from activities used as raw materials of others.  
It is important to include the framework of Responsible Research and Innovation (RRI) 
when dealing with the introduction of new technologies, in the context of the 
Bioeconomy, as it implies some societal sensitive issues in the transition process. In the 
field of Bioeconomy, RRI purpose is to help designers and manufacturers of new 
technologies that use the biomass as raw material, to identify and accommodate public 
concerns when developing a new technology by engaging with a wide range of relevant 
actors, in order to deal with some of the threats discussed in the previous chapter (Asveld 
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et al., 2015). A focus on ethical and social concerns should be always in mind of the 
agents responsible for the introduction of new technologies, creating a better path for 
success to this new technologies, as society as a whole or groups within it will not oppose 
to them. A particular unsuccessful case in the field of Bioeconomy is the case of Genetic 
Modified Organisms (GMO), which the RRI strategy was not properly designed, resulting 
on the opposition of a great opposition from many societal groups, especially in Europe, 
resulting in its high regulation for food and feed purposes (European Commission, 2003). 
Apart for the political and legal framework, the Eurobarometer showed that the 60 per 
cent of European civil society feel ‘uneasy’ with Genetic Modified Food (Asveld et al., 
2015). 
Trustworthiness is though very important for further diffusion of the Bioeconomy, 
especially as it promotes relationships between actors that have not been used to cooperate 
between each other, such as farmers, chemists and energy producers, for instance. Trust 
plays also a key role as many of the main advantages of the Bioeconomy are difficult to 
assess and observe, being though important to establish this trustworthiness among the 
stakeholders of the Bioeconomy (Asveld et al., 2015). 
Civil society should also have a clear understanding of the advantages of the Bioeconomy, 
and for that, trust is of major importance. Even that sustainability indicators are well 
defined and measured, most of them are not perceptible for the majority of individuals, 
such as CO2 reduction. The effects of the Bioeconomy in the welfare of rural 
communities could hardly be observed by society as a whole, being though the trust of 
the Bioeconomy stakeholders crucial for the consolidation of the transition process. The 
role of trust in public perception will also define the willingness of companies to apply in 
these new technologies and invest in the Bioeconomy (Asveld et al., 2015). Though, as 
Asveld et al. (2015) emphasize, “once people partake in processes of RRI, the dimensions 
of inclusion, anticipation, reflexivity and responsiveness will create trustworthiness 
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where it was lacking previously”, being RRI a very important framework in order to 
establish a successful path for a transition towards Bioeconomy. 
It has been discussed in the previously that the “industry oriented” perspective of the 
Bioeconomy, or “Life Sciences Perspective” (Mills, 2015), defended within some 
European institutions, could be a limitation for the success of the future Bioeconomy. An 
alternative view to this approach is what is called the “Agroecology Perspective”. This 
perspective argues that organic agriculture and shorter food supply chains will provide 
farmers with more value for their input and labour, giving farmers – instead of 
governmental institutions or multinational corporations – the key role in the agriculture 
field. By doing that, this perspective promotes the knowledge of farmers, accumulated 
for hundreds of generations, in combination with the scientific knowledge, always taking 
into consideration nature functions. The “Agroecology Perspective” fundamental 
question is why ecosystems and natural resources are no longer able to sustain 
themselves, being its purpose reverse the current state of affairs (Mills, 2015). Though, 
for a future Bioeconomy to emerge successfully, it is determinant that this view would be 
followed, in order to avoid some of the major constraints discussed before. 
One way to implement this trustworthiness among stakeholders is certification. As Asveld 
et al. (2015) define, ‘‘standardizations efforts are highly conductive to managing risk and 
to build trust among business partners”. A range of standards, certification and labelling 
have been developed in the Bioeconomy field, but much is still to be done. 
The adoption of standards, certification and labels is a volunteer action, so, in order to 
construct a successful and sustainable Bioeconomy, it is of utmost importance the 
creation of a legal framework that sustains and reinforces this process. The 
implementation of this framework will rule things such as the way farmers operate 
chemical facilities or waste managers become suppliers, defining their rights and 
obligations (Asveld et al., 2015).  
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If a global bioeconomy is to emerge, global coordination is very important. The European 
Union and OECD are being particular active institutions in the promotion of the transition 
for the Bioeconomy, calling for increasing cooperation between states. However, as Mills 
(2015) identifies, the different strategies, especially among the G7 member states are 
poorly coordinated. Some states, such as Germany, United States and Japan are 
establishing ambitious agendas to build an effective Bioeconomy. Canada and Italy, on 
the other hand, are giving the lead to the industry. The UK is devoting public funds to 
research in life sciences and France is focusing especially on its strong chemistry industry 
(Mills, 2015). 
What these different strategies show is the lack of coordination mentioned. Even within 
European Union, its members have very distinguished strategies towards Bioeconomy. 
In order for the full potential of Bioeconomy to take place it is important that international 
cooperation among states is fully realized.  
Still within the global coordination issue, it can be noticed that mainly developed 
countries include Bioeconomy in their political agendas. In the developing countries, just 
Malaysia and South Africa have designed dedicated national strategies for Bioeconomy 
promotion (Mills, 2015). As far as Bioeconomy can have an even bigger impact in 
developing countries, either economic, environmental and social, global coordination and 
cooperation for a global Bioeconomy strategy would be essential to promote its 
development.  
The present chapter presented a journey among the main challenges for which the 
Bioeconomy can present a consistent and effective answer. In fact, the opportunities 
discussed can be decisive to transform Bioeconomy in a general purpose technology that 
might be an alternative to the current oil-based economy. But, as explained, for that to 
become a reality is necessary that a group of conditions should be taken into 
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consideration, otherwise the threats and obstacles that the Bioeconomy faces could 
translate into true constraints for the development of this general purpose technology.  
As this general purpose technology encompasses an enlarging number of sectors of the 
economy and might, in the future, present a paradigm change in the economy as a whole, 
in order for it to be successful, coordinated and consistent public policy would be of major 
importance. In the conclusion chapter of the present dissertation it will be introduced the 
discussion of what this policy might be, taking in consideration the particular case of the 
Portuguese system of innovation, with the purpose of trigger further discussion and study 
of that subject.    
The purpose of this chapter was introducing a wide perspective of the capabilities of the 
Bioeconomy, the reason of its recent institutional interest, the threats and obstacles it 
faces and it might be designed in order to fulfil its full potential, this chapter allow a better 
understanding of the analysis that would be made in the next chapter, where the 
Portuguese Bioeconomy system of innovation will be discussed, in order to understand 
the particularities and the stage of development of this general purpose technology within 
the Portuguese economy. 
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Chapter 3 – Portuguese Bioeconomy System of 
Innovation Analysis  
 
The previous analysis of what is the Bioeconomy, with a coherent definition and analysis 
of its strengths and weaknesses and how it should be designed to deliver its full potential, 
was made in order to introduce the current chapter. The main purpose is to understand the 
current and potential future framework of this system of innovation for the Portuguese 
Bioeconomy, to initiate, in the final chapter of the current thesis, a debate for further 
research on which kind of policy might potentiate the Portuguese Bioeconomy in order 
to deliver its full potential. It would also be discussed whether this general purpose 
technology could, or not, be a driver of the Portuguese economy in the future, and how 
can it promote growth and job creation in the country. 
For this analysis, the theoretical perspective of different authors on systems of innovation 
and sectorial systems of innovation would be taken into account. Edquist (2005) 
framework of activities of a system of innovation would be the major guideline for the 
analysis of the Portuguese Bioeconomy, being also reviewed different approaches to the 
system of innovation analysis, such as the Schumpeter Mark I and II patterns (Malerba, 
2005) and the Pavitt’s sectorial patterns (Pavitt, 1984; Malerba, 2005), with the purpose 
of defining with accurate precision, the sectorial system of innovation of the Portuguese 
Bioeconomy. This analysis will be completed by resorting to the approach of Nelson et 
al. (2004), in order to identify in which model of innovation defined by the authors does 
the Portuguese Bioeconomy fits in. 
The analysis of the system of innovation was made by inquiring a group of stakeholders 
of the Portuguese Bioeconomy, analysing their different case studies and trying to 
connect the points they have in common and understand the points where they diverge. It 
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was also taken into consideration some institutional documents, leaded by the case of the 
Green Growth Commitment (Portuguese Government, 2014), some data analysis and 
other papers, in order to make a joint analysis that would give a wide view of the 
Portuguese Bioeconomy, which would allow a better analysis resourcing to the theoretical 
approaches mentioned in the previous paragraph. 
Before advance into the analysis, it is important to have a clear definition of what an 
innovation system is. In order to clarify that, it would be used the definition of Schrempf 
et al. (2013), who defined an innovation system “as a group of private firms, public 
research institutes, and several of the facilitators of innovation, who in interaction 
promote the creation of one or a number of technological innovations [within a framework 
of] institutions, which promote or facilitate the diffusion or application of these 
technological innovations”. 
Edquist (2005) points out that “firms do not normally innovate in isolation, but in 
collaboration and interdependence with other organizations”. In that sense, it would be 
crucial to describe accurately the system of innovation of the Portuguese Bioeconomy. 
As discussed before, in this dissertation the Bioeconomy was interpreted as a general 
purpose technology, as it encompasses a wide and expanding range of economic sectors 
(Helpman and Trajtenberg, 1996) and as it is considered that it presents the three 
characteristics described by Jovanovic and Rousseau (2005) – pervasiveness, 
improvement and innovation spawning.  
Taking into account the considerations of the previous paragraph and the view of Edquist 
(2005), that in a System of Innovation it should be “possible to identify the boundaries of 
the system”, it will be used the definition Bioeconomy given in the first chapter as 
boundary definer for the particular case of the Portuguese Bioeconomy, considering that 
it encompasses the different sector activities that rely on sustainable and renewable 
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biological resources as their basic raw materials and where research and innovation in 
biological sciences play a key role .  
It is important to understand which System of Innovation would be behind the 
establishment of the Portuguese Bioeconomy, as this approach provides a holistic and 
interdisciplinary approach (Edquist, 2005). As the author explains, this approach is 
“holistic” as it tries to encompass all the important determinants of innovation, and it is 
“interdisciplinary” as it takes the perspective of different sciences. 
Also relevant for the analysis of the Portuguese Bioeconomy system of innovation, as 
noticed by Lundvall’s approach (Edquist, 2005), is the cultural profile of either consumers 
and politicians, which vision and economic policies would create, or not, the conditions 
for the Portuguese Bioeconomy to emerge. This perspective will be taken into account 
along the analysis that is proposed in this chapter. 
Two important concepts within the Systems of Innovation framework are the 
organizations and institutions. At this stage, their definition will be presented and later in 
the present section it will be explored in detail these two concepts and how their activity 
influence the type of the system of innovation. As characterized by Edquist (2005), an 
organization is a “formal structure that is consciously created and have an explicit 
purpose”. On the other hand, institutions “are sets of common habits, norms, routines, 
established practices, rules, or laws that regulate the relations and interactions between 
individuals, groups and organizations”.  
Sectorial studies also have showed that sectors differ in terms of the knowledge base, the 
actors involved in the innovation process, the links and relationships established between 
these actors and the relevant institutions (Malerba, 2005). So, for the study of the specific 
case o Bioeconomy in the Portuguese economy, the inquiry took into consideration these 
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points in order to understand the point of view of a sample of major stakeholders of the 
Portuguese Bioeconomy. 
Before analysing the perspective of the stakeholders interviewed for this thesis, it would 
be relevant for the final conclusion to address the Schumpeter Mark I and Schumpeter 
Mark II theoretical approach. Schumpeter Mark I sectors are characterized by the, so 
called, “creative destruction”, where entrepreneurs and new firms have a very relevant 
role, providing the innovative activities that constitute that sector. On the other hand, the 
Schumpeter Mark II setting could be described as the “creative accumulation”, where 
large firms prevail and where important barriers to entry exist for the new innovators 
(Malerba, 2005). After the interview analysis that would be made in the next paragraphs 
of the current chapter, it would be set, within the stakeholder’s perspective, which 
Schumpeter Mark relates more closely to the Bioeconomy sector, in order to establish the 
base for further discussion of policy design in the Conclusion chapter. 
The current theoretical analysis is of great importance in the policy design, because, as 
Malerba (2005) described, “a specific technological regime defines the nature of the 
problem firms have to solve in their innovative activities”. This would affect 
technological learning model of the specific sector, the incentives and constraints to a 
particular behaviour and organization, and process of variety and selection. In the final 
chapter, it would be discussed precisely which policies, considering the Bioeconomy and 
the Portuguese economy profile, could promote the incentives and refrain the constraints 
that might exist for the Bioeconomy sector in Portugal, to stimulate the debate for further 
future research in the subject of policy design for Bioeconomy. 
Another important approach in the analysis of a system of innovation, in the particular 
case the Portuguese Bioeconomy one, is the Pavitt’s taxonomy applied for the sectorial 
pattern for innovative activities (Paviit, 1984; Malerba, 2005). According to this approach 
there are four different types.  
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 Supplier dominated type – in this type of pattern, innovation and new technologies 
are part of new components and equipment, and the diffusion and learning occurs 
in a learning-by-doing and by-using way (Malerba, 2005). Examples of this type 
are manufacturing companies, characterized by small firms without in-house 
R&D and with limited engineering capabilities. The main focus of the 
organizations within this type is to diminish costs (Pavitt, 1984); 
 Scale intensive type – the innovation occurs within the organizations, but also 
comes from outside, being the difference the way the appropriability of the 
innovation is made, mainly with resource to secrecy and patents (Malerba, 2005). 
This type of sectors is characterized by being dominated by big firms, where the 
specialization and economies of scale are of major importance. The innovation is 
more cumulative than disruptive. The most common sectors of this type are food 
producers, metal manufacturing and motor vehicles (Pavitt, 1984); 
 Specialized suppliers type – the focus of innovation is based on performance 
improvement and customized solutions, where the innovation process happens 
mainly resulting from the user-producer interaction, where the appropriability 
process occurs from localized and interactive nature of the knowledge (Malerba, 
2005). In this type, the main purpose of firms – the suppliers – is to produce 
product innovations for their customers, where mechanic and instrument 
engineering firms are good examples (Pavitt, 1984); 
 Science-based type – this type is characterized by high levels of product and 
process innovations, where research and development play a determinant role, 
either within the organization or outsourced, in universities and public research 
institutes. In this case, science is a source of innovation (Malerba, 2005). 
Examples of firms of this type are the ones that belong to chemical, 
pharmaceutical and electric/electronic sectors, being characterised by high 
obstacles for new comers (Pavitt, 1984; Malerba, 2005). 
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Characterizing the Portuguese Bioeconomy using Pavitt’s approach (Malerba, 2005) is 
an important tool for a good definition of this general purpose technology and to 
understand what kind of policy would be relevant in order to take advantage of its full 
potential. Ahead in the present chapter, by collecting the different points of view of 
different stakeholders of the Portuguese Bioeconomy it would be possible to set in which 
of this typologies the general purpose technology matches. This exercise would be made 
in the end of the current chapter, with the relevant conclusion for public policy being 
made in the final chapter of the current thesis. 
As defined in the introducing paragraphs of the present chapter, it would also be taken 
into consideration for the analysis of the Portuguese Bioeconomy system of innovation 
the approach of Nelson et al. (2004), considering the different models of innovation and 
diffusion. The authors defined two different dimensions in their approach. The first 
dimension is the criteria of merit that an innovation presents – being it easily recognized 
and accepted or somewhat amorphous and difficult to evaluate – and the second 
dimension, that characterizes the extent in which the adoption of the innovation is affected 
by the number of users. 
With this two dimensions, Nelson et al. (2004) established four different models of 
innovation, being “Rational Choice Diffusion”, “Quasi Rational Choice Diffusion, with 
Possibility of Lock-In”, “Social Construction” and “Fad”.  
The Rational Choice Diffusion model is characterized by the merit of the innovation being 
sharp and unambiguous. There exists solid and objective information about the 
capabilities of the innovation and the choice of different users do not influence the value 
of the innovation. However, users provide information to each other and they can 
influence the speed and range of the dissemination of the information, although they 
cannot control if the innovation is widely adopted. The second model, the Quasi Rational 
Choice Diffusion, with Possibility of Lock-In, is similar to the first one, apart from the 
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fact that the number of potential users affects the performance of the innovation as a 
whole, which means that there exist dynamic increasing returns, being the network effect 
relevant for the innovation establishment. In this model there is a possibility for lock-in 
effects if there are well established alternatives to the innovation – for example, the case 
of QWERTY keyboards – and opinion leaders can affect the way the innovation is 
accepted. 
The third model presented is the Social Construction, where it is difficult to get a sharp 
feedback about the performance of the innovation, mainly because the nature of the 
innovation implies that its implementation differs from case to case. So, the innovation 
technology has an unclear or questionable technical merit. The implementation of the 
innovation is usually pursued by political motivation or opinion leader judgment, where 
they have direct influence on the adoption of the innovation. As mentioned by the authors 
(Nelson et al., 2004), “if that judgment is favourable, the snowball begins”. Finally, the 
last model is the Fad, that differs from the previous mainly because the sanctions for not 
adopting the innovation are weak and the persuasion of the opinion leaders is also weaker, 
comparing to the Social Construction model. At the end of the present chapter, with the 
information previously discussed in this dissertation and the inputs from the particular 
case of the Portuguese Bioeconomy, it will be discussed in which of these models can the 
Portuguese Bioeconomy system of innovation be integrated. 
Edquist (2005) settled the activities that might be part of a system of innovation. That 
approach will be taken in order to understand how the current system of innovation for 
Bioeconomy is working and how it might change in order to make this general purpose 
technology well established and to deliver its full potential. Edquist (2005) refers to ten 
different activities that are expected to be of relevance in a system of innovation. These 
activities would be analysed taking into account interviews to different stakeholders of 
the Portuguese Bioeconomy, the national institutional commitment in this subject that 
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could lead to important institutional change and development in a way that directly affects 
the evolution of the Portuguese Bioeconomy and the analysis of current state of some 
innovation indicators and their potential trends for the future. 
Before starting this analysis, it would be important to make a small introduction of the 
Portuguese Bioeconomy stakeholders interviewed. For the purpose of the current 
dissertation, I had interviewed four different representatives of organizations, all part of 
what can be called the current Portuguese Bioeconomy, in order to have a broad view of 
the different intervenient in the Bioeconomy. The inquiry that guided the interview and 
the most relevant answers for the current study can be found in the end of this dissertation 
in the Annexes – Annex I and Annex II. Following it is present a brief introduction to 
each of the representatives interviewed: 
 Marta Pinto, a biotechnology researcher and entrepreneur, that created Expertus, 
a start-up company dedicated to biotech services; 
 Benedita Chaves, a representative of the public company LIPOR, dedicated to the 
collection and valorisation of waste in the north area of Portugal, responsible for 
the production of “Nutrimais”, a soil stabilizer and corrector product; 
 Susana Pinheiro, a representative of UPTEC Bio, an incubator for start-up 
companies in the biotechnology area; 
 Alexandre Gaspar, a representative and researcher of RAIZ centre, an R&D 
institution that belongs to the Navigator company, one of the world main players 
in the cellulose and forest industries. 
Starting the analysis of Edquist (2005) activities, the first activity introduced is the 
provision of Research and Development (R&D), creating new knowledge. As Malerba 
(2005) describes, “knowledge plays a central role in [the] innovation” process. This 
activity was seen as very important for the players of the Portuguese Bioeconomy, such 
as the Navigator company. Alexandre Gaspar explains that without a focused strategy on 
 
 
47 
 
 
R&D the company would not had achieved the current leading position in the printing 
paper production. It was the investment in R&D that had enable the Navigator company 
to produce a premium printing paper that, according to its representative, doesn’t have a 
truly competitor in terms of quality. The continued investment in R&D allowed the 
company to grow in a sustainable way, creating new opportunities for differentiation, 
where biotechnology applied to forest products, mainly genetic modified processes, had 
created innovative solutions for the paper market. According to Alexandre Gaspar, the 
company investments in R&D projects reached hundreds of million euros in the paper 
technology research and in energy production research. 
In the opinion of the UPTEC Bio representative, Susana Pinheiro, in the particular case 
of biotechnology and Bioeconomy, R&D is even more important than any other field, as 
it is the base of the products of this general purpose technology. However, it is essential, 
it is also one of its weakest points, especially for start-up companies, as R&D in biotech 
field is a very long and unpredictable process, and because of that a very risky one. In 
many cases, some of this research projects last up to 15 years until they deliver the 
commercial version of the product (if they deliver it at all), which is a very long time 
horizon and constitutes one of the main causes of the lack of investment in this field in 
Portugal – very long and unpredictable return on a high investment.  
The case of LIPOR, a public company, is an important one as an example of how public 
intervention can promote the development of bio-products, and, as consequence, the 
whole Bioeconomy. Benedita Chaves explains that the company counts with a 
“transversal R&D department”, which means that this department is not specialized only 
in the production of bio-products, but in all the processes this waste management 
company has. This is particularly explained by the fact that the bio-products produced at 
LIPOR do not have the scale needed to have their own R&D department. For instance, in 
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the particular case of “Nutrimais”, a bio-product designed for soil stabilization and 
correction, the production is only sufficient to supply the northern part of the country.  
Expertus is an example of a company where R&D was the core base of the service they 
presented to market. The development of their innovative solution was made at the 
laboratories of a public R&D institute – IPATIMUP – and then explored in a commercial 
way. This project represents a good example that R&D developed within public 
organizations can deliver innovative marketable solutions. 
The next activity that was considered important was the competence building, within that 
it is included the provision of education and training and creation of human capital, crucial 
for the R&D activities. It would be also included in this point the process of learning 
within the demand side, meaning that it is important for consumers to understand the full 
potential of Bioeconomy products and what are their superior features, as the most 
important determinant of any innovation is to demonstrate the clear benefit of adopting 
the new technologies and the improvement they represent comparing to previous 
technologies, in the case, mainly the oil-based products (Hall, 2013).  The vision of the 
UPTEC Bio representative, Susana Pinheiro, is that the learning process in this area, in 
the case of the entrepreneurs, is very important. The bioeconomy needs highly qualified 
professionals, and Portugal is increasing that number at a very high pace (European 
Commission, 2014). However, as Susana Pinheiro explains, it is important that the 
students also learn some tools to apply their knowledge – mainly theoretical one – in a 
commercial way. It is important, though, that the scientific researchers have the 
acquaintance of business and marketing disciplines in order to test their findings in the 
market environment. This is one of the points that, for the representative of UPTEC Bio, 
have been lacking in the Portuguese context. In this field, UPTEC Bio is promoting some 
actions in order to introduce business and marketing courses within the curriculum of the 
Science and Medical Degrees at the University of Porto. At the same time, it is promoting 
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a bigger involvement between PhD students and Researchers with the business 
environment, in order to test their ideas and findings in a commercial way – creating, 
then, the necessary conditions to innovation in the Bioeconomy field.  
Marta Pinto, from the start-up project Expertus, follow the view described in the last 
paragraph, that the critical mass for biotechnology and science in the country is growing 
fast, with the number of degrees and PhDs in the area rising at a fast pace. However, she 
also notices the lack of courses oriented to business in these degrees, a convergent opinion 
to Susana Pinheiro. She believes that this could represent a constraint for the development 
of commercial solutions of some of the findings achieved in the laboratories, as the 
researchers are not educated for business purposes. 
One of the most important activities in the Portuguese Bioeconomy, a System of 
Innovation that is just emerging, still in its incubation stage, is the “formation of new 
product markets”. Following this view, the different agents interviewed showed a 
convergent line. Alexandre Gaspar explained that Portugal still lags far behind in the 
creation of incentives for the Bioeconomy, comparing to other developed nations, 
especially considering the cases of Netherlands and Scandinavian countries. However, 
the Navigator company plays as an exception, by promoting pioneering projects in 
Portugal for the creation of a bio-refinery within its facilities, for instance, creating the 
conditions to supply petroleum equivalent products, such as fuels, polymers and other 
chemicals with resource to biological raw materials. Currently, most of these projects are 
still in an embryonic stage, and it cannot be foreseen whether this projects would enable 
the company to fulfil part of the country’s needs for this products. As Alexandre Gaspar 
explains, some companies are starting to emerge within the Portuguese Bioeconomy, such 
as Biotrend and Yser Green Energy. However, the critical mass for supply is very far 
from being achieved at this stage, according to the representative. He also adds that there 
are some projects appearing in current established companies, that are using waste 
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materials as sources for the production of value added products, but this activity is still 
mainly viewed as a marginal source of revenue. However, the number of cases is growing, 
which could represent an important factor to achieve the supply needed to make the 
Bioeconomy system of innovation effective (Gaspar, 2014). 
At UPTEC Bio, Susana Pinheiro explains that, as mentioned before, the process of 
biotech product to get to market is a very long and unpredictable one. Many of the projects 
do not surpass the laboratory area, which is one of the most important weaknesses of the 
Bioeconomy, especially in Portugal. Apart from that, the lack of knowledge of how the 
demand side would react, refrains even more the commercial application of many of these 
solutions. 
As it was discussed before, at the public-enterprise LIPOR, their bio-product “Nutrimais” 
production is a small scale one. Although small, this production is important to create 
value from some resources that were seen, not long ago, as having any value at all. These 
resources are the organic waste, produced mainly in restaurants, markets and public 
gardens. Today, they are used to produce this soil stabilizer and corrector product that 
improves the quality of soils and which is of great importance in the agriculture sector. 
One of the reason of the small scale of its productions is the lack of raw materials, that is 
caused, mainly, by the lack of knowledge of its commercial value by its producers, which 
implies that many of them end up in the regular waste, not allowing it from being utilized 
as raw material for the production of this added value product. Benedita Chaves, the 
representative of LIPOR interviewed, believes that it is crucial to promote awareness, 
because of the environmental qualities of this product. However, the perspective of the 
representative is oriented, mainly, to environmental issues, and not economic, as she 
expresses that the revenues from this product are just marginal in terms of the LIPOR 
budget. 
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Also considered by Edquist (2005) is the “articulation of quality requirements emanating 
from the demand side with regard to new products”. Taking into account this point, as 
explored before, guaranteeing demand is one of the main issues associated with bio-based 
products. In this case, it is important to take into account either consumers’ demand and 
firms’ demand. Firms usually play an important role on the adoption and use of new 
technologies, being continuously engaged in the process of learning and knowledge 
accumulation (Malerba, 2005). The emergence and mutation of the demand is very 
important in the dynamics and the evolution of the innovation system, so understanding 
what the current demand for bio-products is of utmost relevance for the purpose of this 
study. At LIPOR, Benedita Chaves identify the lack of knowledge on the demand side as 
the fact that farmers still opt to buy the traditional products, instead of “Nutrimais”, a 
product that, according to the representative, is of higher quality – classified as A category 
for agriculture – and with properties suitable for bio-agriculture. This lack of knowledge 
affects the demand and is also reinforced, according to Benedita Chaves, by the labelling 
of the product, that creates confusion among consumers, which imply that they will be 
not willing to change their consumer behaviour, preferring to buy the traditional product, 
even if its features are not as good as the “Nutrimais”. 
Another important issue concerning the demand side is the willingness of the consumers 
to adopt new products or solutions. Marta Pinto, from Expertus, explained that many 
times research allows the production of innovative solutions that promote a better fit to 
the need they are supposed to satisfy. However, not always the consumers can understand 
this improved features and, sometimes, even if they understand, they are not willing to 
change their consumer behaviour, which creates a great obstacle for investment, 
especially in the biotechnology area.  
The representative of Expertus added that, in her perspective, consumer behaviour is 
changing for a more responsible and greener consumption. This could imply that some 
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bio-products get some leverage against their actual substitutes, mainly in the case of oil-
based products. However, despite many reasons that can affect consumer behaviour 
towards Bioeconomy products, Marta Pinto is decisive when she states that, in the end, 
the cost of the product would be the most important characteristic. If bio-based products 
can achieve cost reductions comparing to their competing substitutes, this would imply a 
real shift of consumption. Until then, it would be always a great struggle for Bioeconomy 
to stand as a true alternative for consumers. 
The fifth activity analysed is the need of creation and change of organizations for the 
development of new fields of innovation. In the case of Bioeconomy, this activity is of 
considerable importance, as the existence of Bioeconomy organizations is quite limited 
in the Portuguese economy. It is also important to determine what kind of organizations, 
either start-ups, SMEs, big companies or public companies, should emerge in order to 
make the future system of innovation of Bioeconomy effective. As was expressed by 
Alexandre Gaspar, representative of a world major player in the paper production, despite 
the reluctance of some investors, the company is directing important amounts of resources 
to the R&D process towards the creation and usage of different products of the 
Bioeconomy, mainly biofuels and energy production. This early move is important, 
because it creates a base of knowledge that promote the cumulativeness at the firm level, 
creating an advantage to the company (Malerba, 2005). Another aspect to consider within 
the bioeconomy is the kind of market it will try to supply. As the probable most important 
competitor of oil sector, it is a competition with large firms that had made significant 
investments. These firms are also characterized by high economies of scale, which make 
it hard to compete with them based on marginal costs. Also, even if the oil firms pretend 
to move towards a Bioeconomy based production, the sunk investments on oil 
infrastructure would delay their decision in make that move (Hall, 2005).   
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Entry level enterprises in the Bioeconomy field in Portugal are not many. At the UPTEC 
incubator, just 30 of their more than 300 business projects are incubated in the UPTEC 
Bio, the incubator dedicated to biotechnology projects. Again, Susana Pinheiro refers the 
high risk involved in this area as a major explanation for this fact. Apart from that, many 
of the small start-up companies, in order to guarantee their financial survival, start to sell 
services, deviating for their initial business purposes. As the UPTEC Bio representative 
explains, they have not many options at hand, as the Business Angels and Venture Capital 
agencies are not willing to invest in projects that only get their return on investment more 
than a decade after, if they get it at all.   
The case LIPOR expresses the importance of public entrepreneurship in the move towards 
Bioeconomy. As its representative, Benedita Chaves, explains, not so long ago the waste 
management companies dedicated their activity to collect waste and dispose it on 
landfills. Today, at LIPOR, selective collection is made, allowing many of the before non-
valuable waste to be re-used in the production of new products. In the particular case of 
Bioeconomy, the valorisation of organic waste allows this public-company to supply the 
market with a superior quality product for soil preservation, “Nutrimais”. This product, 
result of years of R&D at LIPOR, is a great example of what can be achieved if the proper 
efforts are oriented towards Bioeconomy, producing value from before non-valued 
resources. However, it is important to express that the view in LIPOR is mainly oriented 
to environment causes, being the economic and commercial perspective a side aspect. 
In the opinion of Marta Pinto, from the Expertus start-up company, the enterprise activity 
for the development of the Portuguese Bioeconomy should be a mix of new comers and 
established companies. This mix would create the right condition for innovation in the 
Bioeconomy field, with the emergence of spin-off companies from established firms. In 
this aspect, she believes that entrepreneurial spirit is a key condition to surpass the 
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difficulty of translating the theoretical knowledge produced in the universities into 
commercial attractive solutions.  
Associated with the fifth activity, is the creation and change of the institutions. The 
institutions play a major role in a system of innovation, as they affect the rate of 
technological change, the organization of innovative activity and the performance 
(Malerba, 2005). They could emerge either by a planned decision of the firms or other 
organizations. The role of the institutions is very important also because they can 
determine the innovation systems that become predominant, by creating different kinds 
of environment that are more or less suitable for the different kind of innovation systems.  
They are crucial for the build-up of a system of innovation. The current and future 
framework of national laws, rules, norms and routines would be of great importance in 
the promotion of the development of a Portuguese Bioeconomy, being either an incentive 
or an obstacle in that path. In fact, if we take the Systems of Innovation approach as a 
guideline to understand how the Portuguese Bioeconomy could evolve, the role of 
institutions is one of main determinants in this innovation field (Edquist, 2005).  
In this respect, Marta Pinto, from Expertus, explains that institutions are working in a 
good manner to create incentives for entrepreneurship in general, creating the conditions 
for young highly qualified entrepreneurs to develop their projects. However, although 
today it is “easier” for a young entrepreneur to start their own business, much as to be 
done to create the incentives for this entrepreneurship to evolve and deliver their full 
economic potential. 
A good example of promotion of creation and change of current institutions in the 
Portuguese context is the “Green Growth Commitment” (Portuguese Government, 2014) 
document. This document was produced by the so-called “Green Growth Coalition”, and 
it combines the effort of about 100 associations from businesses, science and financial 
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sector, together with public bodies, foundations and NGOs. It pretends to define an 
institutional guideline that would define the most suitable path for a transition towards 
green economy, where Bioeconomy can play an important role. 
This joint coalition of different institutions defines, in the beginning of the document, one 
of the most important measures within this framework. They express that political 
solutions should be oriented to a long term perspective, creating stability and 
predictability for the stakeholders. This document addresses this possibility, as it is a joint 
effort between different political parties, which, in some extent, guarantees that this vision 
could be achieved (Portuguese Government, 2014).  
One important point that the document addresses is taxes. In fact, it calls for “intelligent 
taxation”, with higher taxation to those activities that harm and pollute the environment 
and lower taxation for those which enhance and produce (Portuguese Government, 2014). 
This vision goes along with a national effort with green taxation, that made Portugal a 
case study in the mid-1990s, when environment-related taxes covered 11,5 per cent of all 
government revenue. However, that leading position had been lost, and by 2010 Portugal 
was in the 14th place in the EU27 countries in terms of environment-related taxes in terms 
of GDP (Schlegelmilch and Joas, 2015). 
The vision of the Green Growth Commitment is that Portugal “must aspire to be a leader 
of this new global trend and make full use of its natural resources, infrastructures and 
talents to compete and win on a global scale” (Portuguese Government, 2014). This vision 
can be achieved if the right instruments are putting into work, as they were in the recent 
past. In fact, by achieving this vision the government would achieve important tax 
revenue. Schlegelmilch and Joas (2015) estimated that if Portugal equates the tax level 
on electricity with the Spain standard, that would mean an extra 166 million euros in 
revenues by 2016, and if it equates the tax level between gasoline and diesel, that would 
increase revenues by 594 million euros in 2016. 
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The Green Growth framework defines 14 goals to be achieved between the period of 2020 
and 2030. Some of this goals directly affect the way the Bioeconomy could evolve in the 
country. Objective 5, “Increase the incorporation of waste in the economy” opens a 
window for R&D in the Bioeconomy, to deliver economical viable projects for waste 
usage, such as the example described in this chapter of the LIPOR’s “Nutrimais”. 
According to this goal, it is expected that by 2030 the level of incorporation of waste in 
the production of goods achieves 86% of total waste produced. In 2012, the level of 
production incorporation of waste was around 56% (Portuguese Government, 2014). 
The other objective that can directly affect the evolution of the Portuguese Bioeconomy 
is the Objective 10, “Reduce CO2 Emissions”. In fact, the majority of the products that 
belong to Bioeconomy had the characteristic of diminishing the level of emissions of 
CO2. This fact is even more evident when they are compared with their oil-based 
counterparts.  
Some of the measures that have been designed within the Green Growth Commitment 
framework to achieve the 14 goals can directly affect the development of the Bioeconomy 
in the Portuguese context. The implementation of green tax reform, the promotion of eco-
innovation or waste re-utilization are examples of actions that can promote the evolution 
of the Bioeconomy but, on the other hand, the promotion of electric vehicles can be 
consider an action that direct competes with biofuels, so in part it can constitute a 
constraint for that evolution (Portuguese Government, 2014).  
Apart from the objectives and respective action plan, what the Green Growth 
Commitment reveals is the institutional will to promote a green economy, one that can 
compatible and potentiate the future Bioeconomy in Portugal. 
The following activity is one that might have a crucial importance within the Portuguese 
Bioeconomy. That activity consists in the interactive learning between different 
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organization involved in this general purpose technology. For this networking to happen, 
it is important to grow a critical mass of Bioeconomy organizations, which, considering 
the Portuguese case, as much to evolve before it can display an important role.  
The network activity is of quite relevance in the case of the system of innovation of the 
Bioeconomy. This activity can generate increasing returns and irreversibilities that may 
lock innovation systems into inferior technologies (Nelson et al., 2004; Malerba, 2005), 
which within the Bioeconomy context would mean a lock in on the oil-based system. It 
is though important to understand the stakeholders’ perspective of whether, or not, the 
Portuguese Bioeconomy has the potential to represent a true alternative that might disable 
this lock in effects and how the networking links among the Bioeconomy agents can 
create the conditions of lock in within the Bioeconomy, not allowing a reversal process 
that would guide the economy back to the oil-based paradigm. As Alexandre Gaspar 
states, the developing of the activities within the Bioeconomy generate opportunities for 
new business in complementary activities. The representative of the Navigator Company 
points out that the creation of networks and hubs would generate “ecosystems” within the 
sectors that constitute the Bioeconomy. This view is also endorsed by the innovation 
theory, as Malerba (2005) describes that the dynamic complementarities among activities 
constitute major sources of transformation and growth of the innovation systems, 
promoting the creation of virtuous cycles of innovation and change. In this sense, large 
firms play a decisive role as leaders in adoption (either as producers or consumers) of 
new technologies, defining standards – for example, if car producers start to produce 
mainly biodiesel engines, this would promote the usage of biofuels. This kind of 
behaviour creates the networking linkages that promote price and risk reduction and also 
increasing variety of complementary goods (Hall, 2005). However, for this kind of 
relations to occur, it would be needed the critical mass discussed above and public policy 
would also be of major relevance. 
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Also within the networking perspective, another point emphasized by the UPTEC Bio 
representative, is the need for international networking in this particular general purpose 
technology. This would open up “windows of opportunity” to create international 
consortiums, which would be of great importance in the access to finance process, 
mitigating risk and promoting access to international R&D programs, such as the Horizon 
2020.  
Another important activity within the Edquist (2005) framework of a System of 
Innovation is the incubation, meaning the provision of access to facilities, administrative 
and technical support for new innovative efforts. In the particular case analysed in this 
thesis of the incubator UPTEC, its particular mission is promoting business on the 
biotechnology field. Mainly for initial projects, this incubator plays a major role by 
creating the conditions for the first approach to market process. As Susana Pinheiro 
explains, their mission is also to attract the investment of Venture Capital agencies and 
Business Angels to this particular projects. But as the representative of UPTEC Bio 
explained, it is not only the support for the start-up companies the main activity of the 
incubator. Also within its mission is the, so-called, “innovation centres”, dedicated to big 
firms that want to displace part or the entire R&D department outside of their 
headquarters, in order to be more close of knowledge centres – in the particular case, the 
University of Porto – and other innovative companies and R&D centres. This activity is 
crucial for knowledge transfer and also for the commercial appropriation of many of the 
results from the R&D process.  
Marta Pinto explained how important the process of incubation was, mainly in the process 
of acquisition of business competences that are crucial to create a marketable solution 
from the results created in the R&D process.  
In the opinion of the representative of Navigator company, a big firm, the role of start-
ups and their promotion is essential in the build-up of a Portuguese Bioeconomy. 
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Alexandre Gaspar believes that because they are more dynamic, agile and have less to 
lose, they represent key stakeholders for the construction of the bases of a Portuguese 
Bioeconomy. As big companies have more at stake, it would be difficult for the majority 
of them to invest in Bioeconomy, as it is still a very risky and unknown field. He explains 
that, for the mitigation of that risk, the creation of international consortiums between 
companies would be of major importance, and the European Union’s funds could play an 
important role in enabling these consortiums, with programs such as the Horizon 2020. 
Access to finance is a crucial activity for a System of Innovation to be created and to 
develop. Because of that, financing the innovation process within the Portuguese 
Bioeconomy is of utmost importance, together with the provision of funds to related 
activities that can promote the adoption of the products and services of this general 
purpose technology. The case of the Navigator company, a big company, that adopts a 
full circular economy system, is a particular example of what might be achievable if the 
right investments in Bioeconomy occur. Although Alexandre Gaspar, its representative, 
recognizes that the financial power of the company is a key factor for the investment in 
the Bioeconomy by the Navigator company, he also adds that the dimension of the group 
sometimes could work as slow down effect, as the potential of Bioeconomy cannot be 
fully assessed and shareholders prefer to orientate their investments to more controlled 
and less risky activities. Alexandre Gaspar adds, in the particular case of the Navigator 
company, that investments in Bioeconomy projects, such as bio-refineries, just start 
giving returns with a time lapse of five to six years, and the risk is very high, which in 
part explains the shareholders’ reluctance to this kind of investments.   
However, as it has been discussed in this section, the access to finance to small 
companies, especially start-up ones, is a major problem. Susana Pinheiro, from UPTEC 
Bio, identifies this activity as one of the main constraints to biotechnology projects. She 
explains that investors, either private banking or venture capital agencies, are not willing 
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to invest in this kind of projects, as they demand considerable initial investment – 
especially in the case of laboratories build up – and the return is only achieved in a very 
long time horizon and very unpredictable one. This is because, apart from the research 
process that is prolonged, most of these products need validations from accredited 
agencies, which is a process that takes a considerable amount of time and money. In that 
sense, Susana Pinheiro explains that international finance is of major importance, as the 
resources available and the priorities of Portuguese private banking and venture capital 
agencies are far from coincide with the Bioeconomy, at least at this stage. Also important 
to finance the initial projects, according to the representative of UPTEC Bio, is the 
programme Portugal 2020, that allow the investment of R&D projects, with a 
considerable amount of non-refundable subsidy.  
The case study of the start-up company Expertus provides evidence of the crucial 
importance that access to finance activity has in order to the Bioeconomy fully emerge 
and deliver its full potential. This company, according to its founder, Marta Pinto, 
struggled with access to finance difficulties described previously. Marta Pinto shares the 
opinion that Business Angels and Venture Capital agencies are looking for fast returns, a 
situation that does not go along with the majority of activities developed within the 
Bioeconomy. These difficulties, in the particular case of Expertus, ended up by derail the 
project, leading to its end. In the case, access to finance was a major constraint, as the 
project, although with a commercial potential, needed an important amount of investment 
to deliver its value preposition. 
The last activity considered by Edquist (2005) is the provision of consultancy services for 
the innovation process, such as technology transfer, commercial information and legal 
advice. In this activity, incubators play a decisive role, as Susana Pinheiro explains, 
representing a facilitator in this process, especially for start-up companies. Also important 
within the consultancy activity, in the particular case of the start-up companies, is the 
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support in the application for European projects, such as the Portugal 2020 or the Horizon 
2020. 
Now that it has been discussed the ten different activities, within the Edquist (2005) 
framework, that should be part of the future Portuguese Bioeconomy, it is important to 
understand the links between each other, and how these activities together can create the 
conditions for this system of innovation to work in a way that deliver effective results. 
Before initiate that analysis, in order to make the description of the Portuguese 
Bioeconomy system of innovation, it is important to make a small introduction to some 
characteristics of the national system of innovation, in order to locate the Bioeconomy 
within it and comparing what are the strengths and weaknesses in comparison with the 
overall system of innovation. 
For the analysis, it will be discussed the recent “Research and Innovation Performance in 
Portugal” report made by the European Commission (2014). The report analyses the 
evolution of the national R&D system within a period of, approximately, one decade.  
According to the report, the average annual real growth of investment in R&D in Portugal 
has been a “remarkable” 7%, between 2000 and 2007. However, after that year that rate 
become just 0,1% per year until 2012. In 2012, the weight of investment in R&D was 
0,68% of GDP public expenditure and 0,7% of GDP business/private expenditure. 
However, these values are still very far from the goal establish for 2020, of achieving 3% 
of GDP in R&D expenditure, where 1% would belong to public expenditure and 2% to 
business expenditure.  
One important point mentioned in the document (European Commission, 2014) is the 
number of successful application for the FP7 Programme, where Portugal achieves a rate 
of 18,4%, which is low comparing to the EU average of 28% success.  
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A relevant fact that the report of the European Commission (2014) exposes is that 
agriculture and fisheries and biotechnology, sectors that belong to the Bioeconomy, 
display relevant scientific strength and where also can be found a corresponding 
technological specialisation. 
The research and innovation policy in Portugal is characterized by a large political 
consensus and continuity over time, which allowed the country to register relevant 
progress, even starting from a low base. One of the main policy measures within 
innovation is the SIFIDE system, that is a tax incentive for companies that incur in R&D 
activities and costs, and correspond to a budget of 100 million euros each year. The 
country also has specific institutions for innovation promotion such as the Agency for 
Innovation, the National Council for Science and Technology, the National Council for 
Entrepreneurship and Innovation, and the National Council for Reindustrialisation 
(European Commission, 2014). 
Overall, the Portuguese performance on innovation in the European Union is consider 
low, being classified as a low performer in the European Innovation indicator. One of the 
symptoms stated in the European Commission (2014) report is the low share of exports 
of medium-high and high technology products and low share of employment in 
knowledge intensive activities.   
Now that the small introduction to the innovation general environment in the country was 
made, it is possible to make a concise and complete description of the Portuguese 
Bioeconomy system of innovation, based on the theoretical approaches defined in the 
beginning of the current section. 
The Portuguese Bioeconomy system of innovation is a quite recent general purpose 
technology system, that evolved at a slow pace in the past few years. Within the 
perspective of Helpman and Trajtenberg (1996) it can be considered that, in the 
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Portuguese context, this general purpose technology is in its first phase or “time to sow” 
stage, with low output and productivity. It is characterized by different actors, from small 
start-up companies to big enterprises, with different business models and belonging to a 
wide range of economic sectors. At the present stage, the Portuguese Bioeconomy can be 
characterized as a Schumpeter Mark II, according to the Malerba (2005) setting, where 
the “creative accumulation” is very important, being dominated by few large firms that 
prevail, and where entrepreneurship and new enterprises have strong barriers to enter, 
mainly leaded by access to finance. Also, because the process of innovation is prolonged 
it reinforces the view of “creative accumulation”, being also this factor a limitation for 
new enterprises to enter the sector.  
According to the Pavitt (1984) taxonomy, the Portuguese Bioeconomy fits in the science-
based type, where the innovation activity is intense and R&D play a decisive role for the 
evolution of this system of innovation. This research and development activity is still 
based mainly in universities and big companies.   
Considering the Nelson et al. (2004) model of innovation approach, by taking into 
consideration the description of the previous chapters and the characterization of the 
specific case of the Portuguese Bioeconomy, it can be concluded that the innovation 
model that better fits the Portuguese Bioeconomy would be the Social Construction. As 
it was discussed in the previous chapter, it is still difficult to get a clear picture of how 
the Bioeconomy innovations will perform, not being clear in some cases if they are better 
alternatives than the products or services they are supposed to replace. Another fact that 
makes this analysis difficult is that, as Bioeconomy encompasses a large spectrum of 
economic sectors, the way the different innovations are implemented vary from case to 
case. So, the Portuguese Bioeconomy, or the Bioeconomy in general, can be considered 
a general purpose technology where its technical merit is still unclear, making it a social 
construction in the approach of innovation models by Nelson et al. (2004). 
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It can be also considered a Social Construction in the sense that the political will and 
opinion leader judgement can affect the adoption of the innovations coming from the 
Bioeconomy. The European Union’s Strategy for the Bioeconomy (European Union, 
2012) or the Green Growth Commitment (Portuguese Government, 2014) are political 
guidelines that will have a direct impact in the way that the different stakeholders adopt 
the innovations that are related to the Bioeconomy. In the particular case of the Portuguese 
Bioeconomy, the Green Growth Commitment, associated with the characteristic 
discussed before of the large political consensus and continuity in terms of R&D policy, 
create the right conditions to produce the “snowball effect” that Nelson et al. (2004) 
described. 
The Portuguese Bioeconomy is characterized for a wide spectrum of activities, many of 
which are not even correlated with each other. The common feature of all these activities 
is the fact that all rely on Biological Sciences as the main source of innovation.  
Despite being considered the most important activity for the majority of the interviewed 
stakeholders, an opinion that is corroborated by the literature, the R&D activities are still 
scarce in the Portuguese Bioeconomy system of innovation, leaded, as stated before, by 
universities and big firms. This occurs because the R&D process in the bioeconomy field 
is very prolonged, which divert investors to other activities that can be more profitable in 
a shorter period of time. 
In terms of knowledge activity, the Portuguese Bioeconomy system of innovation 
displays an interesting positioning. The number of PhD students in areas relevant for the 
Bioeconomy is growing fast, creating a critical mass of researchers that can promote the 
development of this general purpose technology. However, the skills these researchers 
learn are not always consistent with market purposes, being suggested by different 
stakeholders the need to review graduate and PhD programmes in order to integrate 
business courses in their curriculum.  
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Regarding supply, Portugal lags behind its European partners in terms of the 
Bioeconomy. There are very few companies relying on biotechnology or biological 
sciences research as a key factor for their activity, and the ones that are entering in the 
sectors that would belong to Bioeconomy have still insipient activity and do not have 
enough scale. On the other side, the demand is still low for the Bioeconomy products, 
with a recognized lack of knowledge of bio-products by the consumers, as stated by the 
stakeholders interviewed. However, with the general trend towards a more responsible 
and greener consumption, the first step for the creation of demand for bio-products might 
be expected to rise. So, it can be concluded that in Portugal it is mainly the supply side 
that is not creating the critical mass needed for the development of the Portuguese 
Bioeconomy. 
In terms of the entrepreneurial activity, the Portuguese Bioeconomy innovation system is 
characterized by few big companies and some small enterprises, mainly start-up 
companies. The big companies are considered to be more willing to invest in the 
Bioeconomy, although with significant limitations. The innovation system is 
characterized for limited entrepreneurial activity, especially in the incubation stage. 
Researchers and scientists mainly focus their careers in basic research activities, without 
an orientation to market exploitation of the results. One of the major constraints for this 
characteristics of the enterprises in the Portuguese Bioeconomy system of innovation is 
the access to finance activity. The Portuguese Bioeconomy is characterized by a very 
complex access to finance, with the major financial players refraining their orientation 
towards these activities within this general purpose technology, mainly because of the 
prolonged and risky process of innovation that characterizes it, which results in very long 
and unpredictable pay back periods. 
The institutional activity associated with the Portuguese Bioeconomy system of 
innovation can be one of the major boosters of this general purpose technology. There 
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has been significant experience with specific tax systems that promote the transition 
towards the Bioeconomy. Also, the majority of the stakeholders engaged in the 
institutional design of the policy guidelines that can directly affect the Bioeconomy in 
Portugal are aligned and have incorporated a long run view, which is important to create 
security and stability for the stakeholders involved in the general purpose technology.    
Another characteristic of the Portuguese Bioeconomy innovation system is the number of 
organizations that promote the incubation of new projects within this field. Incubators are 
very important to promote the entrepreneurial spirit and activity in this innovation system. 
Taking into consideration the network activity, this is still limited in the Portuguese 
Bioeconomy, not because the different agents do not share information between each 
other, but especially because the critical mass of organizations is still very low and not 
enough for the networking activity to be consistent and effective.  
It is important to notice that the characteristics described here, of the potential Portuguese 
Bioeconomy system of innovation are not a static. As the innovation process is, by its 
nature, an evolutionary process, so it must be the system of innovation and its 
characteristics. This evolution is often unpredictable, which results in the development of 
a system of innovation in a manner that cannot be fully planned. As a general purpose 
technology based, mainly, on innovation, the Portuguese Bioeconomy system of 
innovation analysis was based on the current knowledge and state-of-the-art, and with a 
limited number of interviews. It is important to be aware that the system of innovation 
discussed here could be quite different in the short term, depending on the events, 
innovations and policy initiatives that would come up in the field of bioeconomy (Edquist, 
2005).   
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Conclusion 
 
All the inputs, from the different sources (literature review, interviews and data), 
collected for this work allowed to make a first approximation of the characteristics of the 
Portuguese Bioeconomy system of innovation. How it might be and evolve in the future 
would be impossible to determine, but the framework discussed here could be important 
to initiate the discussion for design of a first policy approach guideline that would allow 
the Portuguese Bioeconomy to evolve and grow in a sustainable way, within a system of 
innovation that is effective and that is able to deliver its full potential.  
The different views discussed in this dissertation allow to state that the Bioeconomy can 
hold the key to a shift towards a post-petroleum society that cut across all levels of society 
and the economy. This conclusion goes along with the facts. For instance, the European 
Commission estimated that every euro invested in Bioeconomy research and innovation 
will generate approximately €10 in value added (European Commission, 2013). 
But for this view to become true, institutional will and policy action is of utmost 
importance. Portuguese politicians and other stakeholders should understand the 
Portuguese Bioeconomy system of innovation in order to design specific policy that 
enhance this system of innovation. In fact, the public policy that would influence the 
innovation process within Bioeconomy, that would affect the economy as a whole, should 
be designed and implemented at a national level. However, this policy must be guided 
and coordinated by the strategy defined by the European Commission for the 
Bioeconomy, in order to create a coordinated and common path, which would open a 
window for the full exploitation of synergies and complementarities between member 
states, creating the base for a European Bioeconomy. 
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Taking into account the Science-based type, considering the Pavitt taxonomy, that better 
describes the Portuguese Bioeconomy system of innovation, policy action should be 
directed to promote research and development activities, either public or private. 
Financial incentives are very important for Bioeconomy enterprises to launch their 
business plans, especially start-up companies and SME. Mainly, incentives that focus on 
addressing the issue of the companies to surpass the “valley of death”, the long period of 
time that goes from the beginning of the research until the commercial exploitation of the 
solution developed, that can take up to 15 years (European Commission, 2016). Public 
policy would be of extreme value in this point, as private initiative, such as Business 
Angels and Venture Capitalists, are not predispose to invest in projects with very long 
return on investment period. Some incentives are already available within the Horizon 
2020 Programme – which allocate 44,5 million euros to the Bioeconomy (European 
Commission, 2013). However, policy action from the Portuguese national government is 
also important to reinforce the capital needed for this R&D investment, considering the 
particular case of Portugal where the levels of R&D investment in terms of GDP present 
very low figures, comparing with its EU counterparts. 
An important activity within the Bioeconomy context is the incubation process. The 
present dissertation showed that there is already infrastructure ready to allow the 
development of new projects in the Bioeconomy field but, as referred before, the 
constraints, mainly the lack of capital and external investment, make the Bioeconomy lag 
behind in terms of competitiveness.  
In terms of knowledge, the present work showed that Portugal, considering the data 
analysed and the opinion from the stakeholders, present a good level for the development 
of the Bioeconomy in the country. In this sense, public policy should focus on sustaining 
the trajectory of growth in the number of PhDs in the field, but, most important, in 
creating the conditions to retain this critical knowledge mass in the country. Also, as a 
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conclusion from the interviews, focus should also be pointed out in create PhD curricula 
in sciences related to Bioeconomy, that include business courses, providing the 
researchers the tools needed to exploit their results in a commercial manner.   
From the results of the research and interview analysis for the present dissertation, the 
supply side of the Bioeconomy is still very incipient, with few relevant players providing 
products and services based on biotechnology and biological sciences. Although demand 
was also found to be incipient, it could be concluded that the latter is a consequence from 
the former. In that sense, policy action to stimulate supply in the Bioeconomy would be 
very important, especially a supply based on exportable goods and services with high and 
medium-high technologies. 
It was discussed within this work the relevance of financial incentives to promote new 
projects in this field. Incentives, such as SIFIDE, previously discussed, and others, should 
be designed or redesigned in order to positively discriminate the activities based on 
biotechnology and biological sciences, creating the right dynamics for the transition 
towards the Bioeconomy. 
Taxes and a green tax reform should also be considered in order to refrain the competitor 
alternatives that provide solutions that have a higher social cost – mainly petroleum based 
ones. It has been discussed that Portugal was a case study in the 1990s in terms of green 
tax reform and how this kind of reform could be very important for the sustainable growth 
of Bioeconomy and to make it a preponderant general purpose technology in the 
Portuguese economy. The Green Growth Commitment discussed previously could be 
updated in order to incorporate this green tax reform, increasing its capability to deliver 
great results in terms of the creation of a strong Portuguese Bioeconomy. This kind of 
reform, by taxing competitor activities to Bioeconomy that have higher social and 
environmental costs, would also create the right incentives for big companies, either from 
petroleum sector or not, to invest in the upgrade and readaptation of their facilities in 
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order to produce bio-based solutions, creating also the positive externalities that would 
allow the creation of the networks within the Bioeconomy. 
It is also important to take into consideration that, according to foster innovation and 
diffusion in a sector, in this particular case in the Bioeconomy, technology and innovation 
policies might not be enough. This means that a wider range of policies, from different 
fields of action, would be necessary, as interdependences between different activities and 
sectors already exist or can be developed in the process of transition towards 
Bioeconomy.  
For the particular case of Portugal, if the right policy is implemented in a consistent way, 
the Bioeconomy could allow the country to become more independent from oil – a non-
endogenous raw material – and make a transition to a production based on sectors that it 
has a competitive advantage, promoting growth and job creation. In fact, the Bioeconomy 
encompasses many sectors considered determinant for the national smart specialization 
strategy, such as Energy, Materials & Raw-Materials, Forests and Ocean Economy. 
In sum, the present dissertation discussed an emerging general purpose technology in its 
“time to sow” stage – the Bioeconomy. How this general purpose technology system of 
innovation is characterized in the Portuguese context was the main focus of the present 
study. The conclusions show that the Portuguese Bioeconomy is still very incipient, but 
at the same time very promising, with the potential to promote a transition to a post-
petroleum economy, where R&D and technology would play decisive roles. The 
Bioeconomy have great potential to create jobs and economic growth, without the social 
and environmental costs that characterized their petroleum competitor products and 
services.  
The few policy suggestions that were discussed as conclusion were formulated in order 
to open the debate and trigger further research in the Bioeconomy, in order to make better 
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understand if this general purpose technology has the potential to deliver the promises 
and opportunities discussed and, if positive, how can Portugal explore it in a way that it 
potentiates its economic advantages for a smart specialization. 
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Annexes 
 
Annex I – Inquiry Guideline for the Interview 
 
Note: The following inquiry guideline was used in the different interviews as an 
orientation. It was given wide freedom for the responses to the respondents, in order to 
express their reasoning without conditioning. In some cases, the respondents answered 
that they do not possessed enough knowledge to answer some particular question.    
1. What are the characteristics of the R&D activity within biotechnology and 
biological sciences? 
2. The present learning system of Portugal – in the biotechnology and biological 
sciences context – is well designed for the sustainable growth of the Bioeconomy 
sector? 
3. What is your view in terms of the supply side of the Portuguese Bioeconomy? 
4. What is your view in terms of the demand side of the Portuguese Bioeconomy? 
5. How do you describe the actual entrepreneurial activity within the Portuguese 
Bioeconomy?  
6. How important is/would be the networking activity for the development of the 
Portuguese Bioeconomy? 
7. What is the role of the incubators in the Portuguese Bioeconomy? 
8. How is the access to finance determinant for the Portuguese Bioeconomy? 
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Annex II – Inquiry Relevant Answers 
Entity/ 
Question 
1. 2. 3. 4. 5. 6. 7. 8. 
Susana 
Pinheiro  
(UPTEC Bio) 
“Need for the 
investment in 
equipment, 
especially 
laboratory 
equipment, for the 
new companies” 
 
“The projects can 
take up to 15 
years until to get 
to the market” 
 
“There exists a 
high uncertainty 
in the return of the 
investment in 
biotechnology 
projects” 
 
“The biotechnology is an 
area that needs very specific 
knowledge”  
 
“It would be important to 
incorporate some business 
courses in the PhD 
programmes, in order for 
the researchers to have the 
tools needed to transform 
their results in economic 
opportunities” 
 
“It is important to stimulate 
a higher connection 
between the PhD 
students/researchers and the 
business environment” 
 
“The main point in 
terms of supply is the 
case of the long 
period to market that 
the solutions from 
biotechnology 
take…” 
N.A. “In comparison 
with other area in 
UPTEC, the 
biotechnology 
projects are very 
few” 
 
“It involves high 
investment and 
high risk, a 
situation very 
complicated for 
start-up 
companies” 
 
“The companies 
look for other 
sources of revenue 
– for example, 
services – which 
perverts the 
original business 
plan” 
 
“Many research 
results do not have 
market value – at 
least, at the present 
time…” 
 
 
 
 
“International 
networking is very 
important in the 
development of 
projects in the area of 
biotechnology” 
 
“It is needed 
concerted efforts in 
order to surpass the 
market difficulties 
associated with 
biotech projects” 
“Incubators make 
the bridge between 
the entrepreneurs 
and the investors” 
 
“Incubation should 
be also seen not 
just for new 
companies, but 
new projects within 
established 
companies – the 
so-called 
innovation centres” 
 
“There should be 
more pro-active 
strategies in the 
bioeconomy field” 
“The high 
investment 
involved in biotech 
projects would also 
need financial 
support” 
 
“Venture capital is 
not very keen to 
finance biotech 
projects, as the 
return on 
investment is very 
long and risky…” 
 
“There is needed 
international 
capital for some of 
these projects” 
 
“An important way 
to finance this 
projects is 
European 
programmes, such 
as the Horizon 
2020” 
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Entity/ 
Question 
1. 2. 3. 4. 5. 6. 7. 8. 
Marta 
Pinto 
(Expertus) 
“Public institutes 
and facilities are 
very important” 
 
“Our service was 
developed in the 
laboratories of the 
public institute 
IPATIMUP” 
 
“It is important that the 
researchers are acquainted 
with business tools” 
 
“There have been good 
progress in the learning in 
Biotechnology fields, with 
more PhD graduated each 
year” 
 
“The human capital in 
Portugal, in the 
biotechnology area, is of 
good quality” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N.A. “Although 
sometimes 
the new 
solution is 
marketable 
and better 
than the 
competition, 
the 
consumers 
not always 
change their 
consumer 
behaviour to 
that 
solution…” 
 
“There is a 
shift of the 
consumption 
towards a 
“greener” 
consumption” 
 
“In the end, 
what will 
affect 
demand will 
always be the 
price” 
 
 
“In our case, the 
lack of scale was 
one of the main 
constraints for the 
continuation of the 
project” 
 
“It is important to 
combine new and 
established 
enterprises for the 
future 
Bioeconomy” 
“It is important to 
establish the network 
between private 
business and 
universities, as the 
latter is still very 
distant from the 
market reality” 
“Incubators play a 
decisive role in 
give the 
researchers the 
business tools need 
to get to the 
market” 
“European funds 
are of major 
importance in the 
biotechnology 
field” 
 
“Lack of finance 
was one of the 
major factors for 
the abandonment 
of the project” 
 
“Business Angels 
and Venture 
Capital agencies do 
not understand the 
business models in 
many biotech 
firms” 
 
“The long time 
period of 
investments deters 
the investors” 
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Entity/ 
Question 
1. 2. 3. 4. 5. 6. 7. 8. 
Benedita 
Chaves 
(LIPOR) 
“For example, in 
the case of 
LIPOR, we do 
have a R&D 
division, but 
transversal to all 
the company” 
 
“The EU is very 
important for the 
investment in 
R&D activities” 
“The learning system – 
within or without the formal 
learning process – is very 
important for the consumers 
to understand the benefits 
from usage of products such 
as ‘Nutrimais’” 
 
“The supply of bio-
products can create, 
more than strictly 
economic, social and 
environmental value” 
 
“In our case, it is 
difficult to get raw 
material for our 
production process, 
due to the evolution 
of the organic waste 
produced” 
 
“We produce a class 
A product from 
organic waste” 
 
“The ‘Nutrimais’ 
commercialization 
has a very small 
weight in our annual 
budget” 
 
“The amount of 
production is very 
small – just enough to 
supply the north 
region of Portugal” 
 
 
 
 
“The 
consumers do 
not know the 
advantages of 
this kind of 
products” 
 
“The 
labelling is 
confusing – it 
should be 
improved” 
 
“The 
consumer 
cannot 
distinguish 
bio-prodcuts 
from the 
regular 
ones…” 
 
 
“There have been 
an interesting 
evolution of waste 
management in 
Portugal in the past 
years” 
 
“There is public 
investment in 
order to promote 
the creation of 
value from waste 
sources” 
 
“The public waste 
management 
enterprises are 
more focused on 
the environmental 
benefits, instead of 
economic” 
“There is not very 
good coordination 
with different public 
enterprises of waste 
management in 
Portugal…” 
 
 
 
 
N.A. N.A. 
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Entity/ 
Question 
1. 2. 3. 4. 5. 6. 7. 8. 
Alexandre 
Gaspar* 
(The 
Navigator 
Company) 
R&D in 
Bioeconomy in 
The Navigator 
company is still in 
early stage 
 
R&D in Portugal 
still lags behind 
comparing to 
other European 
countries 
N.A. The supply within 
bioeconomy is 
mostly oriented to 
energy purposes 
 
The supply of energy 
from biological 
resources has been 
growing in the last 
years 
 
The bioeconomy is a 
supply source for the 
final consumer and 
for many industries 
It is necessary 
to occur a 
mind shift in 
the consumer 
behaviour in 
order to 
promote a 
more rapid 
development 
of the 
bioeconomy 
The Navigator 
company has 
currently 
important 
investments in the 
Bioeconomy in 
Portugal 
 
Important 
infrastructure – 
especially 
biorefinieries – are 
very important for 
the development of 
Bioeconomy 
 
There are some 
success cases in 
Portugal in the 
Bioeconomy 
sector, such as 
Biotrend and Yser 
Green Energy 
 
New projects are 
appearing all 
across the country 
Networking is very 
important for the 
development of the 
Bioeconomy 
 
The creation of new 
bioeconomy 
companies would 
promote the creation 
of a network of 
support companies, 
that would promote de 
development of the 
sector as a whole 
 
It is important to 
develop consortiums 
in order to create the 
conditions of some 
Bioeconomy 
solutions to get to the 
market 
 
Incubators are 
important for the 
start-up 
companies’ 
development, as 
they have less to 
lose in their 
investments.  
It is difficult to 
finance 
bioeconomy 
related projects, as 
the shareholders 
are usually 
conservative in 
their investment 
behaviour 
 
It is difficult, or 
even impossible, 
for big companies 
to apply for non-
repayable financial 
aid from European 
funds. 
 
Horizon 2020 is a 
major reference for 
the development of 
the bioeconomy 
*The interview with Mr. Alexandre Gaspar, from RAIZ – the innovation centre of The Navigator Company, was not allowed to be 
recorded, due to confidentiality reasons. The citations included in the present table were taken from the notes made in that interview.  
